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This study examines how the South Shore of Rhode Island responds to storms. 
A storm record for the region was created and storm intensities were determined using 
the Dolan and Davis Classification system (1992). The study is divided into two 
sections. The first part determines changes that occur in volume and beach shape with 
respect to extratropical storms using a 24-year record of weekly beach profiles. The 
second part looks at the impact of tropical and extratiopical storm frequency and 
intensity on shoreline change using aerial photographs obtained over a 60-year time 
span. 
Part one examines profile response to particular storms in the data set. This 
study identifies 296 extratropical storms that occurred between 1956-2001. Of these 
storms 166 occurred during the long-term beach profile record at CHA-EZ on 
Charlestown Beach (1977-present). The CHA-EZ long-term beach profile record does 
not contain the temporal resolution needed to identify the magnitude of change caused 
by variations in storm intensity. The angle of the beach face was measured for each 
profile that was taken before or after an extratropical storm. It was found that there is 
too much variation in post-storm survey dates (1-14 days) to identify a shape effect on 
post-storm sediment volume for a particular storm intensity. 
Both profile locations, CHA-EZ and SK-TB, showed a relationship between 
storm Class and the region of beach affected. For Class I storms, changes were 
limited to the seaward section of the berm; and recovery was immediate. For Class II 
storms, changes were limited to the berm; recovery ranged from one to two weeks. 
Class ill storms altered the foredune, ramp, and berm; recovery ranged from weeks to 
11 
months. Class IV storms altered the foredune, ramp, and berm; recovery ranged from 
months to years. The Blizzard of December 1992 was the only Class V storm to occur 
during the long-term beach profile record and change was observed along the entire 
profile length. 
There was limited comparison between shape and volume between the two 
locations. When the beach face had the same slope, volume loss was identical 
between locations. When the slope of the beach face was greater, that location tended 
to have a larger volume loss. 
Part two focuses on the interpretation of historical shoreline positions. The 
historical shoreline record was updated from 1939 to 1985 to 1999. Shoreline change 
rates based on vertical aerial photographs obtained at six-year to twelve-year intervals 
show significant variation from a -0.40 m·yr-1 average. The highest shoreline losses 
occurred between 1951-1963. 
The Rhode Island shoreline experiences reversals from erosion to accretion as 
the storm climate changes. These patterns need to be accounted for in construction 
setbacks. The late 1950s and early 1960s was a time of more frequent, higher-
intensity storms than any other time in the 45-year storm record. During this time 
period, shoreline changes as high as -60.9 to -70.8 meters were measured on the 
Misquamicut Barrier and the Charlestown/Green Hill Barrier. Changes of this 
magnitude are greater than current construction setbacks set by the RI Coastal 
Resources Management Plan in some areas. Current construction setbacks should, 
therefore, be considered to be a minimum requirement. If the construction setbacks 
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ANALYZING PROFILE RESPONSE TO STORMS OF VARYING 
INTENSITY: EXAMINATION OF DOLAN AND DA VIS CLASSIFICATION 
SYSTEM 
ABSTRACT 
This study uses a long-term beach profile record (24 years of weekly 
measurements at profile CHA-EZ) to test the usefulness of the Dolan and Davis 
1 
(1992) extratropical storm classification system (D&D system). The D&D system is a 
function of the square of significant wave height and duration. A storm record for the 
south shore was compiled that identified 296 extratropical storms that occurred 
between 1956 and 2001; 166 occurred during the long-term profile record for CHA-
EZ (1977-present). 
Both profile locations, CHA-EZ and SK-TB, showed a relationship between 
the region of beach affected for a specific storm Class. For Class I storms, changes 
were limited to the seaward section of the berm; and recovery was immediate. For 
Class II storms, changes were limited to the berm; recovery ranged from one to two 
weeks. Class III storms altered the foredune, ramp, and berm; recovery ranged from 
weeks to months. Class IV storms altered the foredune, ramp, and berm; recovery 
ranged from months to years. The Blizzard of December 1992 was the only Class V 
storm to occur during the long-term beach profile record and change was observed 
along the entire profile length. 
This record does not contain the temporal resolution to identify different 
magnitudes of change caused by variations in storm intensity. The angle of the beach 
face was measured for each profile that was taken before or after an extratropical 
storm identified in the data set. There was limited comparison between shape and 
volume between the two locations; when the beach face had the same slope, volume 
loss was identical between locations, and when the slope of the beach face was 
2 
greater, that location tended to have a larger volume loss. Tidal phase, storm track and 
time between storms remain important controlling factors. 
INTRODUCTION 
As the number of people who live along the shoreline continues to increase, 
more attention is placed on shoreline erosion and the protection ofbeachfront 
infrastructure from the impact of storms. Severe extratropical storm events along the 
East Coast of the United States can cause hundreds of millions of dollars in damage 
(Stick, 1987). Yet development continues. Erosion of the shoreline reduces the natural 
protection that the berm and foredune zone provide against storms (Theiler and 
Young, 1991). 
The south shore of Rhode Island undergoes cycles of change on one-year, five-
year and ten-year intervals (Rosenberg, 1985; Gibeaut, 1987; Lacey and Peck, 1998). 
Cyclical variations may be associated with variations in storm climate, longshore 
sediment supply, and sea-level rise (Lacey and Peck, 1998). The shoreline responds 
differently to a storm depending on the pre-storm profile, characteristics of the storm, 
and the interval between storms (Hayes and Boothroyd, 1969; Calabro, 1997). This 
paper focuses on identifying the storm characteristics and shoreline response due to 
pre-storm shape. A long-term beach profile record was used (24 years of weekly 
measurements at profile CHA-EZ on Charlestown Beach) (Figure 1) to test the 





































































































































































































































































































































































































































































































































































































































































































































































































































































































This study focuses on the impact of storms on beach profile shape and volume 
changes on Charlestown Beach (CHA-EZ) and South Kingstown Town Beach (SK-
TB). Boothroyd et al. (1998) developed a beach cycle diagram showing patterns of 
erosion and recovery (Figure 2). This cycle describes the response of the beach to 
moderate and severe storms and provides an estimated length of recovery time. This 
cycle was developed from the profile CHA-EZ on Charlestown Beach, Rhode Island. 
The profile record will be examined to see how storms of varying intensity fit with this 
pattern. 
REGIONAL SETTING 
This study focuses on two beach profiles: CHA-EZ and SK-TB located on the 
south shore of Rhode Island (Figure 3). The south shore is a microtidal, mixed-
energy, wave-dominated environment (Nummedal and Fischer, 1978; Hayes, 1979) 
with alternating headlands and barriers. This environment is sediment-starved, 
receiving little to no sediment from fluvial input. Sand is supplied to the system from 
the eroding shoreline. 
The profile CHA-EZ is located on the Charlestown/Green Hill barrier, which is 
3.5 km long (Figure 4a). This barrier extends from the Charlestown inlet (locally 
called a breachway) ofNinigret Pond, a coastal lagoon, to the Green Hill headland. 
This barrier has been determined to be continually eroding, and numerous houses have 
been lost during storms (Boothroyd et al., 1986). The profile SK-TB (South 






















































































































































































































































































































































































































































































































































































































































































































































































Figure 4a. The Charlestown study area is located on the Charlestown/Green Hill 
Barrier to the east of the tidal inlet. This map shows the location of the beach 
profile CHA-EZ. 
Figure 4b. The South Kingstown study area is located on the Matunuck headland at 
South Kingstown Town Beach. This map shows the location of the SK-TB beach 
profile. 
A. Charlestown Beach 





0 200 600 1000 ft --~----0 100 200 400 m 
from Cards Pond to Potter Pond (Figure 4b ). This beach has experienced severe 
erosion since the profile measurement began in February of 1996. 
METEOROLOGY 
12 
Davis et al. (1993) identified eight major storm types that affect the East Coast of the 
United States: Bahamas Low, Florida Low, Gulf Low, Hatteras Low, Continental 
Low, Coastal Plain Cyclogenesis, Coastal Front, and Anticyclone. Their work 
combined synoptic climatology with hindcast storm intensities. It showed Bahamas 
Lows and Florida Lows to create the most damaging storms, but lower intensity 
storms occur in all eight synoptic storm types. Their results and conclusions were 
similar to those of Mather et al. (1964). Both studies found it impossible to predict 
storm damage solely through the location of storm generation. 
The Rhode Island coast is in the region of the prevailing westerlies. The 
weather patterns over Rhode Island are controlled by the migration of the polar jet 
stream and the Bermuda High (Havens and Jaillet, 1976). When the jet stream is north 
of southern New England, the region experiences fair weather. Winds tend to occur 
from the southwest, and gentle sea breezes are predominant. When the jet stream is 
over southern New England or to the south, storms are more predominant and intense 
onshore wind frequently occurs (Strahler and Strahler, 1978). The orientation of the 
shoreline with respect to the storm (wind direction) will often have a more significant 
impact on shoreline response when looking at two events of approximately the same 
magnitude. 
13 
Storms that pass to the west of the south shore have the greatest potential to 
cause erosion because these storms have onshore winds and will generate waves from 
the southeast (Wright and Sullivan, 1982; Boothroyd in RICRMP, 1999). The U.S. 
Army Corps of Engineers collected swell data from 1932 to 1942 for the Rhode Island 
coast. Their data show that waves greater than 2 m were observed during less than 2 
percent of the study duration. These waves were generated from the east, southeast, 
and southwest. Fair weather waves (<Im) were predominant throughout much of this 
study. These waves are most common during the late spring and summer (U.S. Army 
Corp of Engineers, 1950). 
STORM CLASSIFICATION 
Numerous classification systems for extratropical storms have been proposed 
by researchers such as Bosserman (1968), Halsey (1986), and Mather et al. (1964, 
1967). The Mather et al. (1964, 1967) classification system for the East Coast of the 
United States depends on the locus of storm development and the amount of economic 
damage that it caused. Further investigation has shown that storms of varying 
intensity are generated in the same locations (Davis et. al, 1993) making this portion 
of the system not relevant to assigning storm intensity. Classifying a storm based on 
financial loss is biased by the varying degrees of development that occur along the 
East Coast of the United States. Further research has shown that this classification 
system does not work; however, it was the framework for many later studies. 
Halsey (1986) proposed a classification system with five subdivisions that are 
based on the number of tidal cycles over which the storm occurred and changes that 
14 
occurred to the shoreline. This system requires knowledge of the shoreline before and 
after the storm passage. While field surveys provide the most information about the 
impact of a storm, the use of this method makes the interpretation of historical events 
impossible along the south shore of Rhode Island. Use of this method would prevent 
extratropical storm classification prior to 1977. 
The classification system proposed by Bosserman (1968) divides storms into 
seven groups based on the maximum significant wave heights that occurred 
(Bosserman, 1968; Dolan et. al, 1987; Hayden 1975). This study also separated 
storms that occurred along the North Carolina shoreline into point of origin similar to 
the work done by Mather et al. (1964,1967). This study was a precursor to the 
classification system proposed by Dolan and Davis (1992). Use of wave heights by 
Bosserman (1968) however, does not take into account the effect of varying duration, 
which impacts shoreline change significantly. 
. Intensity of the storms for this study were determined using the D&D system. 
The classification system uses wave height and duration of a storm to determine the 
wave power of the storm, which together controls how the storm will influence the 
shoreline (wave power is defined as the relative strength of an extratropical storm 
system by Dolan and Davis (1992)). Using this system also allows for the 
classification of historical extratropical storm events. 
P=H/t 
P = Dolan and Davis (1992) storm "power" (m2·h) 
Hs = Deep-water significant wave height (meters) 
t = Duration (hours) 
(1) 
15 
There are, however, no buoys that record wave heights in Rhode Island (National Data 
Buoy Center, www.ndbc.noaa.gov). Wave hindcasting equations presented in CERC 
(1984) were therefore, used to calculate deep-water wave heights for this study. 
Equation (2) was used to hindcast deep-water wave heights under fetch-limiting 
conditions and equation (3) was used to hindcast deep-water wave heights in fully 
ansen sea. 
Hs = Deep-water significant wave height (meters) 
F = Fetch (meters) 
UA = Wind stress factor (meters/second) 
(2) 
(3) 
Wind data were obtained from the TF Green Weather Station (Local Climatological 
Data: Providence, Rhode Island, 1956-2001). This station is the only one located in 
Rhode Island that covered the time span of this study. Though this station is located 
approximately 30 miles from the south shore, a study by Griscom et al. (1982) showed 
that wind velocity decreases linearly as one move inland from the coast. Wind data 
from the TF Green Weather Station were corrected to Charlestown, Rhode Island, the 
focal point of this study, using this relationship: 
UCh = 1.381 *UTFo-1.92 (4) 
Uch = Wind speed at Charlestown (m·s-1) 
UTFG = Wind speed at TF Green Airport (m·s-1) 
16 
Storm duration was determined by examining wind speed records from the TF 
Green Weather Station. Average daily wind speeds for this station ranged from two to 
four m·s-1 (National Climatic Data Center, www.ncdc.noaa.gov). Storm durations 
were identified from the duration of elevated wind speeds above the average daily 
wind speed for a given storm. 
A record of storm activity for the south shore was created by identifying storm 
tracks, size and intensity of the storms, speed, at what tidal phase the storm 
occurred, duration, and frequency of storm occurrences (Hayes and Boothroyd, 1969). 
Preliminary storm information was gathered from the publication Storm Data and 
Unusual Weather Phenomenon (1956-2001) (U.S. Weather Bureau, 1956-1958; U.S. 
Weather Bureau, 1959-1965; U.S. Environmental Data Service, 1966-1975; U.S. 
National Climatic Center, 1975-1979; U.S. National Climatic Data Center, 1980-
2001). Extratropical storms were identified that occurred between September 1956 
and March 2001. Before September 1956, there is insufficient wind data to use the 
wave hindcasting equations (U.S. National Climatic Data Center, 1956-2001). 
BEACH PROFILES 
This study focuses on the beach profiles CHA-EZ and SK-TB to determine the 
timing of erosion and recovery with respect to storms of different intensities. The 
profile CHA-EZ is surveyed on an approximately weekly basis, and before and after 
major storms when significant shoreline change is anticipated. Surveying at the 
CHA-EZ location began in October 1977, resulting in 1,220 surveys as of March 
17 
2001. The SK-TB profile has been surveyed on an approximately weekly basis since 
February 1996, resulting in 208 surveys as of March 2001. 
Previous studies have shown that a beach with any volume can display a 
dissipative, reflective or intermediate profile shape (Wright and Short. 1983; Davis, 
1985). The beach shape and volume will control shoreline response to a given storm 
event. This study focuses on changes that occur in volume and shape. The angle of 
the beach face was measured on profile plots and classified as dissipative ( <4.5°) or 
reflective(> 4.5°) after the system proposed by Graves (1991) to determine if pre-
storm configuration influences erosion rates. Variation in beach response due to shape 
was measured for storms that occurred during the time of overlapping profile records 
at Charlestown Beach and South Kingstown Town Beach (1996-2001). 
EXTRATROPICAL STORM CLASSIFICATION 
This study identified 296 extratropical storms that occurred along the south 
shore of Rhode Island between November 1956 and March 2001 (Figure 5) (Table 1) 
(Appendix G). Storms were separated into five categories according to the D&D 
system (Table 2). Class I storms account for 60% of the storms in the data set, with 
an average significant wave height of 1.4 m and an average duration of 15 h (Table 3). 
Class II storms have an average significant wave height of 2.6 m and an average 
duration of 19 h (Table 3). Class III storms have an average significant wave height of 
4.1 m and an average duration of26 h (Table 3). Class IV storms have an average 









































































































































































































































































































































Table 1: Selected storms that occurred during the CHA-EZ long-term beach profile 
record (1977-present) (U.S. Weather Bureau, 1956-1958; U.S. Weather Bureau, 
1959-1965; U.S. Environmental Data Service, 1966-1975; U.S. National Climatic 
Center, 1975-1979; U.S. National Climatic Data Center, 1980-2001). Storms were 








Table 1: Selected Extratropical Storms That Occurred Between 1977-2001 
Year Date Duration Wave Height Power Class 
1977 17-Nov 15 1.5 34 1 
1978 9-Jan 24 5.2 659 3 
1978 14-Jan 12 1.1 14 1 
1978 20-Jan 21 4.0 330 3 
1978 6-Feb 30 7.4 1651 4 
1980 10-Nov 34 4.6 709 3 
1981 5-Dec 34 4.3 624 3 
1982 5-Jun 66 3.9 1011 4 
1983 15-Jan 12 2.1 53 1 
1983 7-Feb 20 3.5 250 3 
1984 29-Mar 20 6.5 854 3 
1985 4-Mar 12 1.0 13 1 
1986 2-Dec 11 1.7 33 1 
1986 18-Dec 36 5.6 1128 4 
1987 29-Dec 12 2.0 46 1 
1988 20-Nov 12 2.3 66 1 
1988 28-Dec 5 2.8 38 1 
1989 16-Nov 10 4.0 162 2 
1990 24-Feb 7 1.6 19 1 
1990 11-Nov 24 6.5 1013 4 
1991 30-Oct 19 6.8 1885 4 
1992 23-Jan 17.5 2.8 134 2 
1992 11-Dec 41 9.5 3734 5 
1993 4-Mar 24 6.0 561 3 
1993 13-Mar 32 5.9 1108 4 
1994 23-Dec 19 9.5 1701 4 
1995 5-Feb 12 3.8 174 3 
1995 28-Feb 18 0.3 1 1 
1995 21-Oct 9 3.7 122 2 
1996 20-Oct 30 1.5 64 1 
1997 1-Nov 8 2.7 56 2 
1998 4-Feb 19 6.1 700 3 
1998 23-Feb 24 6.7 1068 4 
1998 8-Mar 31 3.2 310 3 
1998 9-May 42 5.5 1289 4 
1999 2-Feb 12 2.4 67 1 
1999 25-Feb 27 3.4 310 3 
2000 21-Jan 11 2.4 65 1 
2000 12-Dec 10 3.3 109 2 
2000 17-Dec 30 6.0 1070 4 
2001 5-Mar 34 5.2 910 3 
2001 9-Mar 17 1.2 26 1 
2001 30-Mar 14 2.5 85 2 
22 
storms have an average significant wave height of 9.5 and an average duration of 42 h 
(Table 3). 











Extreme > 2323 
power= H/-t 
Hs = Significant wave height (meters) 
t = Duration (hrs) 
There is no relationship between storm intensity and both duration and wave height 
(Figure 6). As a result, the potential shoreline change from wave activity over several 
tidal cycles increases with storm intensity. 
Table 3: D&D Storm Class Results 
Class Average Hs (ml Average t (hrs) 
1.4 15 
II 2.6 19 
111 4.1 26 
IV 6.1 36 
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Monthly storm frequencies show that the highest number of extratropical 
storms occur between December and March, and the lowest number of storms occurs 
between July and September (Figure 7). Class I, Class II, and Class III storms occur 
throughout the year. Class IV storms are observed most frequently during February, 
March, April, and December. Five Class V storms were identified in February, 
March, April, and December. 
STORM TRACK 
The impact of a storm on shoreline change depends on the intensity of the 
storm and the track. The availability of data limited the number of storm tracks that 
were identified. Of the 296 storms in this study, 161 storm tracks were identified 
(Figure 8) (U.S. Weather Bureau, 1956-1979; U.S. Environmental Data Service, 1980-
1989; U.S. National Climatic Data Center, 1990-1998). Examination of these storm 
tracks shows that storms tend to track in one of four patterns (Rosenberg, 1985; Blais, 
1986) (Figure 9). 
Two of the generalized storm tracks pass in close proximity to the south shore. 
These include: 1) storms moving along the Eastern U.S. Coast that pass to the west of 
Rhode Island 2) storms that develop in the northwest and are moving southeast or east. 
The other two storm tracks pass at some distance from the south shore. The distal 
tracks include 3) extratropical storms that travel parallel to the St. Lawrence River 
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Figure 8. Examples of storm tracks for each Dolan and Davis Storm Class. Storms 
were selected to show that each storm class can track in any one of the four 
generalized patterns identified for the Rhode Island coast (U.S. Weather Bureau, 
1956-1979; U.S. Environmental Data Service, 1980-1989; U.S. National Climatic 
Data Center, 1990-1998). 
a. Class I, II, and III storm tracks 
b. Class IV storm tracks 
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Figure 9. Generalized storm track patterns (1956-2001) modified after Rosenberg 
(1985). 
33 
Storm Track Trends 
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BEACH RESPONSE TO STORM MAGNITUDE 
Charlestown Beach 
Of the 296 storms identified in this study, 166 occurred during the time 
covered by the CHA-EZ long-term beach profile record. Five storms were removed 
from analysis due to errors in the collected profile data. An additional 36 storms 
34 
were removed from analysis because multiple storms occurred between survey dates, 
making changes due to a single event impossible to detect. Of the remaining storms, 
51 were Class I storms, 26 were Class II storms, 38 were Class III storms, and 9 
were Class IV storms. The Blizzard of December 1992 was the only Class V storm 
recorded during the long-term beach profile record. An additional 20 Class I storms 
and five Class III storms were removed from analysis because significant recovery 
had occurred before the profile was surveyed. The remaining 100 storms were 
analyzed for this study. 
Class I 
There were 31 Class I storms that occurred during the long-term beach profile 
record at CHA-EZ. Volume changes were significant ranging from - 40.8 m3·m-1 to 
+ 12.5 m3·m-1. Erosion was generally confined to the seaward section of the berm 
(Figure 10), but exceptions to this pattern occurred. Extreme examples of observed 
variations occurred in March 1985, and December 1986 where volume losses were 
around- 40 m3·m-1 (Figure 11). 
March 4, 1985: This was a Class I storm with a 12-hour duration and a hindcast wave 
height of 1.03 m. The power index was 12.69 m2·h. Prior to the storm, there was a 
35 
Figure 10. Class I post storm profile configuration CHA-EZ. 
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Figure 11. Two post-storm beach profiles that do not fit the generalized Class I 
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small berm, low angled ramp, and small dune crest. One day after the storm 
significant erosion had occurred as the profile was displaced landward (Figure 11 ). 
Losses were observed on the foredune and ramp. There was significant erosion to the 
ramp. The storm occurred during a spring tide, but storm water levels did not exceed 
1.6m. 
December 2, 1986: The pre-storm profile showed the effects of a prior storm 
(approximately two weeks previous). There was a steep ramp and small recovery berm 
(Figure 11 ). The 2 December storm had an 11 h duration. The post-storm profile 
identified a low angle profile; significant backshore reservoir was lost. This storm had 
a slightly higher storm surge and maximum water levels reached 2.0 m. 
Class II 
Twenty-six Class II storms occurred during the CHA-EZ long-term beach 
profile record. The average duration of a Class II storm was 16 hours (range 7 hours 
to 54 hours). Class II wave heights ranged from 1.5 m to 4.4 m with an average 
hindcast wave height of 2.9 m. Loss due to Class II storms was generally confined to 
the berm (Figure 12), and change in volume ranged from - 38.8 m3·m-1 to+ 13.9 
m3·m-1. Recovery rates ranged from 12 to 15 days in most cases. 
Class III 
Thirty-eight Class III storms occurred during the long-term beach profile 
record at CHA-EZ. The duration of Class III storms ranged from 9 to 66 hours with 
an average duration of 22 hours. The average hindcast wave height for Class III 
40 
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Figure 12. Class II post storm profile configuration CHA-EZ. 
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storms was 4.4 m (range 2.4 m - 6.8 m). Class III storms altered the entire profile 
length including the foredune, ramp and berm (Figure 13). Foredune loss was first 
observed from Class III storms and occurred on several occasions. Sediment loss 
occurred after all but five storms which deposited sediment along the entire profile 
length. Slight accretion was seen on the berm top/scarp due to sediment deposition 
during elevated water levels. Average recovery time ranged from weeks to months. 
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Five Class III storms were removed from analysis because survey dates varied 
from 6 to 11 days post storm. These storms were removed because it was impossible 
to differentiate between storm influenced change and recovery. One storm that was 
removed from analysis occurred on November 12, 1982. The profile was surveyed 
seven days after this storm. While a large scarp formed, a large recovery berm was the 
more noticeable feature (Figure 14) making exact post-storm change difficult to 
discern. A second storm was removed when the profile was surveyed on April 11, 
1984, six days after the April 5, 1984 storm (Figure 14). By this date, a large recovery 
berm had developed. The change that is observed on the berm top however, was 
caused by this storm. While some Class ill storms were removed from analysis, 
complete recovery was not observed in any of these post storm profile surveys. 
Class IV 
Nine Class IV storms occurred during the long-term beach profile record at 
Charlestown. These storms had an average hindcast wave height of 5.9 m and an 
average duration of 35 hours. Sediment volume change ranged from a gain of 12.7 
45 
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Figure 14. Several Class III storms were removed because significant recovery had 
occurred before post storm measurements were taken. Examples are shown where 
changes in the upper beach such as the scarp are obviously due to the storm but the 
large berm makes it impossible to determine volume loss due to a storm of higher 
intensity. 
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m3·m-1 to a loss of- 41 m3·m-1. Shoreline change in response to Class IV storms had 
two distinct patterns (Figure 15). Accretion is observed as material is deposited on the 
foredune and ramp. In three cases, growth of the backshore reservoir was observed 
(The Storm of the Century March 1993 (D&D P = 1108 m2·h), for instance). In three 
cases significant shoreline loss occurred. Severe erosion was witnessed as the berm 
was destroyed and foredune erosion occurred (The Blizzard of February 1978 (D&D P 
= 1651 m2·h, for example). 
Class V 
The Blizzard of 1992 (D&D P = 3734 m2·h) was the only Class V storm that 
occurred during the time span of the CHA-EZ long-term beach profile record. The 
storm lasted 41 hours and had a wave height of 9.5 m. Five Class V storms were 
identified in the storm record (1956-2001) having an average duration of 47 hours and 
an average wave height of 9.5 m. It is impossible to make generalized shoreline 
response and recovery for a single storm. 
Significant volume and shoreline position loss was observed one day after the 
Blizzard of 1992 (Figure 16). This storm resulted in complete berm erosion as 50.2 
m3·m-1 of sediment was lost from the active berm and backshore reservoir. 
Approximately one month after the storm, the lost sediment volume had been regained 
in the form of a recovery berm (Figure 16). It took approximately one year to regain 
the pre-storm profile configuration. 
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Figure 16. Beach profile response to a Class V extratropical storm: Blizzard 1992. 
A: CHA-EZ profile response: 1 day after storm passage 
B: CHA-EZ profile response: approximately 1 month after storm passage 
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South Kingstown Town Beach 
Sixty-six storms occurred during the time covered by the SK-TB beach 
profile record. Change due to a single event is impossible to discern when multiple 
storm events occur between profile survey dates. Therefore, 20 of these storms were 
removed from consideration. An additional four storms were removed from analysis 
because of errors in the profile data. There are 21 Class I storms, 7 Class II storms, 
12 Class III storms, and 2 Class IV storms. Recovery begins immediately after 
storm passage. Of the 21 Class I storms, 10 storms were surveyed 3 to 8 days after 
the storm had passed and the beach had recovered completely in these cases. 
Consequently, a measurable change was identified for 32 storms 
.Class I 
There are 11 Class I storms during the four and a half year study period. 
Erosion was limited to the seaward section of the berm (Figure 17). Volume loss 
ranged from -1.3 m3·m-1 to -14.7 m3·m-1. The measured volume loss was influenced 
by the survey date in comparison to storm passage. It was found that beach recovery 
due to Class I storms was immediate and generally complete. Recovery rates ranged 
from 2 to 8 days with recovery influencing 2 of the 10 storms considered. Ranges in 
volume change after Class I storms were influenced by intensity, beach slope, and the 
survey date after the storm. 
Class II 
Seven Class II storms occurred during this study period. Erosion was limited 
to the berm (Figure 18). It was found that beach recovery due to Class II storms was 
55 
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complete and ranged from 10 to 15 days. Changes in the profile ranged from berm 
loss to deposition on the berm top. Variations in profile shape ranged from berm loss 
to observed accretion from material deposited on the berm top from over wash. 
Observed erosion was significantly influenced by post-storm profile survey date, 
which varied from three to eight days allowing significant recovery to occur. Volume 
loss varied from-3.0 m3·m-1 to -11.6 m3·m-1 (Figure 18). 
Class III 
Thirteen Class III storms occurred during the study period. Generalized 
patterns of erosion show that Class III storms altered the bluff, ramp, and berm (Figure 
19). Measured erosion was limited by survey dates after storm passage and ranged 
from 2 to 7 days. Measured erosion varied from-2.7 m3·m-1 to -10.1 m3·m-1 (Figure 
19). While maximum sediment loss is less than in Class I and Class II storms, the loss 
occurred along the ramp and bluff. For low intensity Class III storms, recovery time 
ranged from 10 days to 14 days. Recovery times for higher intensity Class III storms 
ranged from 5 months after the Class III storm in March of 2001 to 10 months after 
the series of Class III storms in the winter of 1998. 
During some Class III storms, large portions of the bluff eroded at South 
Kingstown Town Beach. The bluff loss is the most significant erosion because it is 
unrecoverable. It is impossible to regain the sediment composition and grain packing 
of the original bluff. Slight accretion is occasionally observed on the ramp at the base 
60 
of the bluff and on top of the bluff as a washover fan. This results from sediment that 
is deposited during swash processes and by overwash. While volume is gained in 
these situations, the original structure of the bluff has been lost. 
Class IV 
Two Class IV storms occurred during the study period at South Kingstown 
Town Beach. Erosion was observed along the entire length of the profile. During 
the storm on May 8, 1998, significant erosion of the bluff was observed (Figure 20). 
Complete recovery did not occur for four months. A second Class IV storm occurred 
on December 18, 2000 (Figure 20). Erosion was observed along the entire profile 
length on a smaller magnitude. Recovery occurred within 4 weeks. 
Class V 
No Class V storms occurred during the South Kingstown Town Beach profile 
record. 
VOLUME CHANGE WITH CLASS 
This research examined whether profile volume loss could be predicted for a 
given D&D storm class. Statistical analyses were performed using the Mann-Whitney 
test to determine if a relationship between storm Class and profile volume response 
existed. It was found that the only relationship that existed within the dataset occurs 
between Class I storms and Class IV storms for the two locations. Comparisons 
between all other Classes at the two profile location showed that their was no 
relationship between D&D storm Class and beach profile volume response 
61 
Figure 19. Examples of shoreline response to Class III extratropical storm at SK-TB. 
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(Figure 21). Post-storm survey dates and the wide range of intensities within a given 
storm class were identified to control profile volume changes. 
SPATIAL VARIABILITY IN BEACH RESPONSE 
In the higher storm classes, there were fewer storms to consider. Survey 
intervals still fluctuated at this point, ranging from O to 10 days for Class II storms and 
0 to 10 days for Class III storms. Class IV storm response varied considerably 
because of storm characteristics and pre-storm shape. There were too few storms of 
any small range of intensity to compare changes at one location caused by shape. 
Therefore, changes in profile due to shape were determined by comparing pre-storm 
profiles from the two study locations for a particular storm event. 
Variations in response due to shape were identified for the four years of 
overlapping record between South Kingstown Town Beach and Charlestown Beach 
(Figure 22). Because South Kingstown Town Beach has a shorter record base, the 32 
storms identified as showing reliable change were used. Of the 32 storms, 15 were 
excluded from the comparison due to post-storm survey intervals differing by more 
than 3 days. 
The two profiles followed opposite trends during 1998 (Figure 22). SK-TB 
experienced severe erosion during this time period, going from a high of 117.5 m3m-1 
to a low of73.0 m3m-1, while CHA-EZ was accretional ranging from 193.2 m3m-1 to 
266.2 m3m-1. The erosional pattern at SK-TB reversed in August of 1998 with the 
passage of Hurricane Bonnie. Long period swells deposited sediment against the 
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scarps. The passage of a number of storms during that year showed the importance of 
profile shape on profile response. 
The pre-storm slope of the beach face was compared between Charlestown and 
South Kingstown. When the slope of the beach face was the same at the two beaches, 
volume loss was approximately equal. It varied by no more than 1 m3·m-1. For six 
storms, the pre-storm slope of the beach face was greater at Charlestown Beach than 
the slope at South Kingstown Town Beach. This difference in slope resulted in a 
greater sediment volume loss at Charlestown Beach. For three storms, a larger 
sediment volume loss was observed at South Kingstown Town Beach. The slope of 
the pre-storm beach face was greater at South Kingstown Town Beach prior to these 
storms. On three occasions, there was no relationship between beach face slope and 
the amount of volume loss. 
The first storm identified during 1998 occurred on February 4th (Class III, 
D&D P = 700m2·h). This storm had a duration of 19 hours and though it hit during a 
neap tide this storm had a maximum storm surge of 1.64 m. The SK-TB profile had a 
scarp at the start of the profile that was near vertical. There was a 2.8 degree 
difference in the slope of the beach face between SK-TB (7.6°) and CHA-EZ (4.8°). 
There was a two order of magnitude difference in volume change between the two 
locations from+ 19.5 m3m-1 at CHA-EZ to - 9.9 m3m-1 at SK-TB (Figure 23). There 
were minor changes to the bluff after this storm at South Kingstown Town beach and 
numerous scarps developed along the profile length. 
A storm on March 8th (Class III, D&D P = 31 0m2·h) had a duration of 31 hours 
and 3.3 m wave height. There was 1.6-degree difference in beach face slope 
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Figure 23. Comparison between SK-TB and CHA-EZ showing responses to 
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between CHA-EZ (5.4°) and SK-TB (7.0°). In addition, the SK-TB profile had a 
number of near vertical scarps at the upper portion of the profile. There was a one 
order of magnitude difference in volume change between the two locations, from +9 .3 
m3·m-1 at CHA-EZ to -2.7 m3·m-1 at SK-TB (Figure 24). After the passage of 
Hurricane Bonnie in August of 1998, there was significant recovery at South 
Kingstown Town Beach (Figure 25). Deposition on the ramp and berm top covered 
the numerous scarps in the exposed eolian mantle. There was a 1.0 degree variation in 
slope between the two profile locations for a storm that occurred on November 11th . 
Post-storm sediment volume gains were approximately equal for this storm ranging 
from +11.4 m3·m-1 at CHA-EZ, to +9.3 m3·m-1 at SK-TB (Figure 26). 
Shape does control how the shoreline responds to storms. Profiles with a 
dissipative shape absorb more wave energy during a storm than profiles with a 
reflective shape. The amount of energy available controls how much sand is lost to 
swash processes. For a given storm shape controlled relative volume change between 
the two profile locations. Long-term trend variations however, will be controlled in 
part by the amount of sediment traveling alongshore. 
STORM TRACK 
Determining the effects of Class IV storms is difficult because there are so few 
on record during the long-term profile record base (Appendix G). The records show 
that some Class IV storms (four storms) are marked by significant accretion on the 
berm top/ramp. While other Class IV storms (four storms) cause significant erosion, 
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Figure 24. Comparison between SK-TB and CHA-EZ showing responses to 
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Figure 26. Comparison between SK-TB and CHA-EZ showing responses to a 
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including foredune erosion and complete berm removal after the Blizzard of February 
1978 (D&D P = 1651 m2·h) 
A large volume gain was measured after the Perfect Storm in October 1991 
(Class IV) (D&D P = 1885 m2·h). This system tracked to the east of the south shore 
and had offshore winds (Figure 8). This storm had an estimated maximum surge 
height of 1.13 m (Figure 27) (National Oceanographic Service, www.co-
ops.nos.noaa.gov). Significant volume gain was measured on the ramp after the 
storm, while minor changes were measured on the beach face (Figure 28). 
Volume gain is observed after several Class IV storms, but storms at this 
intensity also can cause significant shoreline loss where complete recovery can take 
several years (The Blizzard of February 1978, for example). A Class IV storm 
occurred on November 11, 1990 (D&D P = 1013 m2·h) with a duration of24 hours 
and an estimated maximum surge height of 1.62 m (Figure 29) (National 
Oceanographic Service, www.co-ops.nos.noaa.gov). This system tracked to the north 
of Rhode Island in a proximal track (Figure 8). An 18.6 m3·m-1 volume loss was 
measured after this storm (Figure 30). 
While the Perfect Storm of October 1991 had a higher intensity than the 
November 1990 storm, other storm characteristics were different. The Perfect Storm 
of October 1991 tracked farther from the coast resulting in longer period waves. 
While this storm had a lower maximum surge height, the duration of elevated water 
levels continued over multiple tidal cycles. Accretion after the Perfect Storm of 
October 1991 was caused by elevated water levels overtopping the berm and 
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1990 storm causing a coastal set-down during the latter part of the storm. The 
difference in location of storm centers and the shift in wind directions caused different 
reactions to two high intensity storms. 
EFFECT OF STORM FREQUENCY 
The frequency of storms impacts shoreline change as much as storm intensity. 
During January and February of 1978, four storms occurred in less than four weeks 
(Table 1) (Appendix G). The pre-storm profile at CHA-EZ was reflective. A Class III 
storm occurred on January 9, 1978 (D&D P = 659 m2·h). This storm resulted in 
significant scarp retreat and berm destruction (Figure 31). Five days after this storm, a 
small Class I storm caused minor erosion loss. Eleven days after the January 9th 
storm, another Class III storm occurred on January 20th (D&D P = 330 m2·h). This 
storm was a lower intensity Class III storm and caused some loss along the entire 
profile. Volume loss was compensated by deposition on the berm top (Figure 31). 
Twenty-eight days after the January 9th storm, the Blizzard of February 1978 occurred. 
The Blizzard was a Class IV storm (D&D P = 1651 m2·h), and it caused significant 
scarp retreat. The berm was destroyed resulting in a no berm state (Figure 31 ). 
The significant shoreline loss witnessed was the result of three high intensity 
storms occurring in under a month. Shoreline recovery began immediately, and a pre-
storm sediment volume was maintainable three months later. A low berm formed 
within days of the storms end. It took approximately three years for the upper beach 
to regain pre-storm shape and height. 
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Figure 31. During the first two months of 1978, there were four high-intensity storms 
that occurred within weeks of each other at CHA-EZ. Little beach recovery 
occurred between storms and significant erosion occurred after each storm. The 
result of the four storms combined left the beach with the lowest volume observed 
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During the period from 1976 to 1978, two houses were destroyed while six 
houses were relocated on Charlestown Beach. Development began again in 1979 as 
the beach entered a long-term depositional cycle (Boothroyd et. al, 1986). Sixteen 
houses were constructed between 1979 and 1985 on the backbarrier, and four houses 
were built on the foredune. Shoreline position and volume varied significantly over the 
long-term profile record at CHA-EZ. Currently, the shoreline position is significantly 
displaced landward since the highest recorded volume was observed in July 1987 
(Figure 32). An additional 12 houses were built on the barrier between 1985 and 
1999, bringing the total to 67. 
Significant shoreline loss was measured during the late seventies during a time 
of more frequent higher intensity storms. Shoreline recovery after the Blizzard of 
February 1978, which was the final storm in this series, took years. In comparison, a 
Class V storm occurred in December 1992 (Blizzard 1992) (D&D P = 3734 m2·h). 
This storm caused significant volume loss and foredune retreat. A no-berm state was 
achieved during the storm. This storm occurred during a time of predominantly low 
intensity storms. Sediment volume was regained within a month. The pre-storm 
beach shape and height recovered within a year. 
SOUTH KINGSTOWN TOWN BEACH 
Since the measurements began at South Kingstown Town Beach in 
1996, significant bluff loss has occurred (Figure 33). The town first built a wooden 
boardwalk with a small first aid station in 1996 to create access for all. A portion of 
the boardwalk was removed in 1998 because significant bluff erosion put the structure 
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Figure 32. Significant erosion was observed during the period of storminess during the 
late 1970's. A beach profile conducted one day after the Blizzard of 1978 
recorded the lowest profile volume during the 23 years of record from this 
location. Significant recovery occurred after the period of storminess ended and 
the highest profile volume was recorded approximately nine years later in 1987. 
The present shoreline is displaced landward since 1987. 
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in danger. Presently during even moderate storms, the swash zone is at the base of the 
boardwalk. Depending on the portion of fronting berm, the bluff will continue to 
erode landward at this location. 
The study at South Kingstown Town Beach has recorded significant erosion. 
The number of storms that occur on an annual basis has increased since the study 
began. Even though the largest percentage of these storms are Class I, storms of 
moderate to high intensity occur each year. While the profile volume at this location 
shows a high degree of variability as the beach experiences patterns of erosion and 
accretion, the bluff loss that occurred is unrecoverable. As the bluff continues to 
erode landward, the boardwalk will either need to be moved landward or it will be 
destroyed. 
DOLAN AND DA VIS PREDICTED CHANGE 
The period of storminess during the mid-to-late 1970s demonstrated the 
relationship between coastal damage and storm class as identified by Dolan and Davis 
(1992) (Table 4). There are numerous storms in these data, however, that produce 
effects that do not match the response predicted by Dolan and Davis (1992). A Class I 
storm occurred on November 8th 1977 (D&D P = 52.1 m2·h). This storm had a 
duration of 16 hours, wave height of 1.8 m, and a maximum water level of 1.65 m. 
This storm caused significant foredune retreat and berm erosion (Figure 34). The 
estimated sediment volume loss was-40.0 m3·m-1. 
A Class I storm occurred on March 4th 1985 (D&D P = 13 m2·h). This storm 
had a duration of 12 hours. A wave height of 1.0 m was hindcast for this storm. 


























































































































































































































































































































































































































































Figure 34. A number of low-intensity storms have resulted in significant shoreline 
loss. Volume losses have been on the same level as higher intensity Class N storms 
such as the Blizzard of 1978. 
A. November 8th 1977 Class I 
B. March 5th 1985 Class I 
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had an estimated sedi.ment volume loss of 39.1 m3·m-1. A Class II storm occurred on 
November 1st 1997 (D&D P = 154 m2·h). This storm had an estimated duration of 12 
hours and a hindcast wave height of 3 .1 m. This storm caused significant volume loss 
and foredune retreat. A no berm state was achieved during the storm (Figure 34). The 
profile lost an estimated sediment volume of-38.8 m3·m-1. The maximum water level 
observed during this storm was 1.85 m. 
These storms are examples that had relatively low wave powers but resulted in 
significant erosion. Volume losses in these examples were of the same magnitude as 
storms such as the Blizzard of February 1978 (D&D P = 1651 m2·h) and the Blizzard 
of December 1992 (D&D P = 3734 m2·h). The Blizzard of February 1978 had a wave 
power approximately 1000 m2·h higher than all of the examples listed above, while the 
Blizzard of December 1992 had a wave power approximately 3000 m2·h greater than 
any of these examples. 
STORM CLASSIFICATION SYSTEM 
The D&D system cannot be used to predict shoreline change. This system 
uses storm duration and wave heights, however, wind speed, wind direction, surge 
elevation, and surge duration are factors that control shoreline response to a given 
storm. The system proposed by Halsey (1986) which determines storm intensity 
based upon tide durations and beach response is the most accurate, however this 
system cannot be used to predict shoreline change. 
The Halsey (1986) classification system is limited in use for the Rhode Island 
south shore by the availability of profile data to identify past storm controlled changes, 
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therefore a meteorological extratropcial storm classification system is the most useful. 
This classification system would need to take into account wave height, storm surge 
height, and surge duration. Numerous researchers (Balsillie, 1986, 1999; Dean, 1991; 
Kriebel and Dalrymple, 1995; Zhang, 1998; Zhang et al., 2001 for example) have 
shown that storm surge and not wave height is the most important factor in controlling 
the magnitude of beach erosion. Dean (1991) proposed that beach erosion due to a 
given surge height is 16 times greater than erosion due to given wave height. In future 
classification systems, both wave height and surge height need to be adjusted to show 
how they influence erosion independently. 
The impact of pre-storm profile shape and storm frequency on shoreline 
response cannot be factored into a meteorological classification system. Profile shape 
has been shown to control shoreline response. Limited data for the south shore of 
Rhode Island makes profile shape impossible to use as part of a classification system 
predicting regional shoreline response. 
CONCLUSIONS 
1) This study identified 296 extratropical storms that occurred along the south shore 
of Rhode Island between November 1956 and March 2001. There were 121 Class I 
storms in this period, 53 were Class II storms, 94 were Class III storms, 22 were Class 
IV storms, and 5 were Class V storms. The highest number of extratropical storms 
occurred between December and March, and the lowest number of storms occurred 
between July and September. Of the 296 storms, 166 occurred during the time 
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covered by the CHA-EZ long-term profile record, and 66 occurred during the profile 
the SK-TB profile record. 
2) Using the D&D system a generalized pattern of the region of beach affected with 
each storm intensity was developed. 
Class I: changes were limited to the seaward section of the berm and recovery 
was immediate. 
Class II: changes were limited to the berm and recovery ranged from one 
to two weeks. 
Class Ill: changes were observed along the entire profile and recovery ranged 
from weeks to months. 
Class IV: changes were observed along the entire profile and recovery ranged 
from months to years. 
Class V: Blizzard of December 1992 resulted in complete berm erosion; 
foredune/bluff loss was observed at other locations along the south 
shore. Complete recovery was observed after one year. 
3) Profile survey dates affect analysis. Thirty-one storms were removed from 
consideration because more than one storm occurred between profile dates making it 
impossible to differentiate the effect of a given storm. For low intensity storms, where 
recovery can occur in several tidal cycles, even a one or two day delay in the post-
storm survey could mean a complete miss in measuring profile storm response. From 
the two locations (CHA-EZ and SK-TB), 30 Class I storms were not considered in 
analysis because complete recovery had occurred between survey dates. Even after 
large storms, variation in survey dates ranged from 3 to 12, days making storm driven 
erosion difficult to identify. 
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4) There are too few storms of higher intensities in the long-term profile database to 
accurately determine response and recovery. Rhode Island possesses one of the 
longest continuous beach profile studies (Lacey and Peck, 1998), but even records 
maintained on an approximately weekly schedule do not possess the temporal 
resolution to describe detailed shoreline response to storms. 
5) Storm intensity alone cannot predict shoreline response. Storm track, tide heights, 
pre-storm profile shape, and frequency between storm events also control the impact 
of a given storm event along the south shore of Rhode Island. 
6) The effect of profile shape was difficult to differentiate at the two locations because 
of varying survey dates. While the storms were divided into five Classes, each class 
contains a wide range of intensities. Very few storms that had similar intensities were 
surveyed at the same interval. This required the comparison between the two profile 
locations. When comparisons were made between the SK-TB profile and the CHA-
EZ profile for the 4.5 years of overlapping record, some general trends were observed. 
When the beach face had the same slope, volume loss was identical between locations. 
When the pre-storm slope of the beach face was greater, that location tended to have a 
larger volume loss. 
7) Some intense storms produced much less response than predicted by the D&D 
system. The Blizzards of February 1978 (Class IV) and December 1992 (Class V) 
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caused significant shoreline retreat as was predicted with storms of such intensity; a 
large volume gain was observed for the Perfect Storm of October 1991 (Class VI) due 
to elevated water levels depositing sediment on the foredune and ramp. Storms of 
smaller intensity generally caused minor changes, but sediment volume loss equal to 
the Blizzard of February 1978 was measured after two Class I storms and on Class II 
storm. 
8) The D&D system cannot alone be used to predict profile volume response. This 
system uses storm duration and wave heights; however, wind speed, wind direction, 
surge elevation, and surge duration are factors that control shoreline response to a 
given storm. The impact of pre-storm profile shape on shoreline response cannot be 
factored into a meteorological classification system. Profile shape has been shown to 
control shoreline response. Limited data for the south shore of Rhode Island makes 
profile shape impossible to use as part of a classification system predicting regional 
shoreline response. 
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STORM INFLUENCE ON HISTORICAL SHORELINE POSITIONS: SOUTH 
SHORE, RHODE ISLAND 
ABSTRACT 
Historical shoreline data (1939-1999) show that the south shore of Rhode 
Island is changing at rates ranging from -1.3 m·yr-1 to +0.3 m·yr-1. Data for this study 
have been measured on vertical aerial photographs obtained every six to twelve years. 
The shoreline has experienced reversals from erosion to accretion over 6-12 year 
intervals. This study focuses on identifying the causes for these observed reversals. 
Storm data (1938-2001) indicate the Rhode Island shoreline experiences 
reversals from erosion to accretion as the storm climate changes. The late 1950s and 
early 1960s was a time of more frequent, higher intensity storms in the 45-year storm 
record. Shoreline recession as high as 60.9 to 70.8 m was measured at locations along 
the south shore during this time period. Changes of this magnitude are greater than 
current construction setbacks in some locations. Current construction setbacks, 
therefore, should be considered to be a minimum requirement. If current construction 
setbacks were reduced, they would not be adequate during a period of storminess like 
that of the early 1960's. 
INTRODUCTION 
Historical shoreline change rates are used to set coastal construction setbacks 
in Rhode Island (CRMC, 1995, 1999). These measurements represent long-term 
shoreline trends. Storms can cause short-term changes, however, that are orders of 
magnitude larger than annual change rates (Smith and Zarillo, 1990). Storms are one 
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of the primary causes of erosion in Rhode Island (Rosenberg, 1985; Gibeaut, 1987). 
When short-term changes have been identified to be several orders of magnitude 
higher than long-term trends, both the annual change rates and largest short-term 
change need to be applied to construction setbacks. 
Shoreline erosion studies are completed by using field surveys and analyzing 
historical shoreline positions derived from maps and charts. While field surveys 
provide the most detailed information about beach changes, they often lack the 
temporal resolution to predict long-term changes. The south shore of Rhode Island 
currently has nine beach profiles that possess the temporal length needed to identify 
patterns. Measurements began at four locations in 1962; another four profiles were 
added in 197 4, and a separate study began at one location in 1977 (McMaster, 1961-
1993; King, 1993-present; Boothroyd, 1977-present). Analysis of this long-term 
beach profile record has shown that the beaches along the south shore of Rhode Island 
operate on one year, five year, and ten year cycles (Rosenberg, 1985; Gibeaut, 1987; 
Lacey and Peck, 1998; Graves, 1991). 
While the long-term beach profile record provides detailed information about 
the changes that occur at site-specific locations, the profiles are unevenly spaced and 
cannot be used to characterize the whole 33 km length of the south shore (Figure 1). 
The historical shoreline change record therefore is used to characterize regional 
changes. In an extensive search, Regan (1976) found reliable charts and Nos-T sheets 
to be unavailable for the region. As a result, this shoreline study of the south shore of 
Rhode Island is based solely on vertical aerial photographs. 















































































































































































































In addition to the long-term record, high water line positions have been measured on 
photographs that were obtained at six to twelve year intervals and focus will be placed 
on the causes of trend reversals from erosion to accretion that occur on much shorter 
time scales. Historic regional storm data identified for the Rhode Island coast will be 
examined to see how the frequency and intensity of tropical and extratropical storms 
has influenced erosion/accretion rates. Short-term changes show significant variation 
from the long-term shoreline average at every transect segment along the south shore. 
These data will be analyzed to determine if current construction setbacks provide 
adequate property construction. 
REGIONAL SETTING 
This study focuses on the south shore of Rhode Island, which is exposed to the 
open ocean (Figure 2). The south shore is composed of alternating headlands and 
barriers. The headlands are made up of Pleistocene till, glacial flu vial sand, and 
gravel, with narrow beaches of sand and gravel. The barrier spits range from 1 to 8 
km long and 200 to 300 m wide. Tidal inlets with jetties permit exchange between the 
open ocean and lagoons (locally referred to as coastal ponds), feeding sediment to 
large flood tidal deltas. 
The south shore of Rhode Island is a microtidal (0.8-1.2 m mean and 1.6 m 
spring) mixed-energy, wave-dominated environment (Nummedal and Fischer, 1978; 
Hayes 1979). This coastline is sediment starved, receiving little to no material from 
fluvial input. The only source of sediment is from the eroding shoreline itself. This 






































































































































































































































































































































































































































paved roads) to moderately developed (recreational structures and paved roads) along 
much of the 33 km length. 
STATE COASTAL POLICIES 
The Coastal Resources Management Council (CRMC) in Rhode Island 
regulates state policy related to the coast. Regulations are published in the Coastal 
Resources Management Plan (CRMC, 1995) (the information is updated as regulations 
are amended). Property owner's land can extend to mean high water (MHW). Land 
below MHW is state property with public access. Public access ways occur at 
irregular intervals along the coastline (CRMC, 1995). 
The majority of the coastline along the south shore is eroding, according to 
surveys done using vertical aerial photography (Regan, 1976; Simpson, 1977; 
Boothroyd et al., 1988; Boothroyd in RICRMP, 1995, 1999). The ability to utilize 
shoreline protection methods is limited. No future construction of hard coastal 
protection structures is permitted on the south shore of Rhode Island. The CRMC can 
approve beach replenishment as well as the use of alternative technology (CRMC, 
1995). 
The CRMC determines construction setbacks. The setbacks are measured 
landward from the inland boundary of a given coastal feature (i.e. foredune crest). In 
critically eroding areas (>0.61 m-yr-1) the current setbacks are a distance equal to 30 
times the annual erosion rate for buildings with less than four residential units or 60 
times the annual erosion rate for buildings with more than four residential units, back 
from the coastal feature (CRMC, 1995). In non-critically eroding areas the setback is 
-
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50 feet from the inland boundary of the coastal feature or 25 feet from the edge of a 
coastal buffer zone (i.e. vegetated region). Government agencies may be granted a 
special exception if the proposed structure has a compelling public purpose, benefiting 
the community as a whole (CRMC, 1995). 
METHODS 
Historical Shoreline Position 
The historical shoreline positions were measured for the south shore of Rhode 
Island using vertical aerial photographs. The south shore study now contains 
information from 1939, 1951, 1963, 1972, 1975, 1981, 1985, 1995, and 1999. 
Shoreline changes have been measured using the high water line (HWL). To 
determine shoreline change, the HWL on two successive photos of the same location 
were identified. The HWL is recognized by a tonal change on the photographs caused 
by a variation in the water content of the sand; wet sand is darker (Stafford and 
Langfelder, 1972). The two high water lines were overlayed at a common base scale 
and the area between the two lines was measured. The measurements were made 
between 98 transects (perpendicular to the shoreline) originally established by Regan 
(1976) (Figure 2) which allows successive studies to be compared (Regan, 1976; 
Simpson, 1977; Boothroyd et al., 1988; Boothroyd in RICRMP, 1995, 1999). 
The 1975, 1981, and 1985 HWL positions were traced onto stable mylar 
overlays. The photographs were processed to minimize the effects due to varying 
scales, tilt, lens distortion, paper shrinkage, and relief displacement. Processing 
-
118 
techniques that minimize photogrammetric errors were used (Crowell et al., 1991; 
Anders and Byrnes, 1991; Regan 1976; Simpson, 1977; Thieler and Danforth, 1994). 
The scale of the photographs was determined through ground surveys (Regan 
1976; Simpson, 1977). Objects, such as houses, were identified on the photograph and 
located in the field. The distance between two objects was measured with a tape in the 
field and compared to the distance measured on the photograph with a Tiner 
Microrule, to calculate the scale. The aerial photographs were obtained with 60% 
overlap and 30% sidelap, and measurements were made in the center of the 
photograph to minimize the effects due to tilt, lens distortion, and paper shrinkage 
(Simpson, 1977). Changes in elevation are small along the south shore so errors due 
to relief displacement are negligible (Regan 1976; Simpson 1977). A Bausch and 
Lomb Zoom Transfer Scope TM was used to transfer shoreline positions from one 
mylar sheet to the other to achieve scale matching (Simpson, 1977; Boothroyd et. al, 
1988). 
The 1985 and 1999 aerial photographs were scanned and georegistered to 1995 
orthophotography of Rhode Island (Rhode Island Geographical Information System, 
1996), with a zero x,y coordinate pixel error using Mapinfo™, a Geographic 
Information System. The HWL was identified through heads-up digitizing from the 
registered 1985, 1999 photographs, and the 1995 orthophotos. The change in area 
from the 1985 HWL to the 1999 HWL was measured between successive transects 
using MaplnfoTM_ Following the procedure developed by Simpson (1977), the 
average linear shoreline displacement for each segment was calculated by dividing the 
change in area between two successive shoreline positions by the linear distance 
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between transects. Shoreline change rates were determined for each time interval and 
a rate for the 60-year interval. 
Long-Term Historical Shoreline Interpretations 
Historical shoreline results are often presented in one of three formats (1) end 
point change rates (EPR), (2) linear regression (LR), (3) and the use of a priori 
knowledge to remove photographs containing storm influence. The LR method uses 
all photographs within the data set and draws a best fit line between short-term 
shoreline changes throughout the record. While this method takes into account short-
term changes, it is believed to be most accurate when the record contains data for at 
least 100 years if not longer (Tanner, 1978; Galgano and Leatherman, 1991; Crowell 
et al., 1993). Extending the record prior to the early 1930's requires the use of maps 
and charts which contain greater error than vertical aerial photographs. In addition, 
when using maps and charts for a given area there is often a sixty to eighty-year 
interval between the last charts and the first aerial photographs. This time gap 
between the two data sources can produce significant error because there is not data to 
confirm the results. 
It has been proposed by Galgano et al. (1998) to use a priori knowledge in 
analyzing historical shoreline data and remove data that are influenced by storms from 
the long-term calculations. Corrections of this sort however, do not take into account 
the driving forces behind erosion. For example single storm events along the south 
shore of Rhode Island have resulted in shoreline loss of 15 m to 30 m on Charlestown 
Beach. This makes storms an important part of the historical shoreline record that 
needs to be factored into calculations. 
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The data for Rhode Island are presented using the End Point Rate method 
(EPR). Shoreline change rates are determined by identifying the change between the 
first date and the last date in the study (Dolan et al., 1991; Galgano et al., 1998). This 
change is divided by the number of years between photographs to get annual rates. As 
the length of the data set increases, it is believed that a more representative long-term 
trend is identified (Dolan et al., 1991; Anders and Byrnes, 1991). Critics of this 
method say that if one or both of the photographs are obtained during a period of 
storminess or recovery the long-term change rates are as likely to be accretional or 
erosional. However, as shoreline data have been added to the long-term record for 
Rhode Island only small changes in the average annual shoreline change rates have 
been recorded(+/- 0.05 m·y( 1). 
Beach Profiles 
This study used beach profiles measured by Boothroyd et al. (1977-present) 
(Appendix B) to determine the length of shoreline recovery times after large storms 
(Figure 3). A weekly beach profile in the study area began in the fall of 1977 using 
the modified Emery technique (Emery, 1961). The study measures five profiles, but it 
has limited records for 16 additional locations along the south shore. The temporal 
variability in beach morphology is shown by comparative beach profiles and a beach 
profile volume-time series. 
The long-term beach profile record along the south shore shows that the beach 






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































fluctuations reflect short-term variations in sediment volume during storms and long-
term periods of erosion and accretion as the storm climate changes. The long-term 
beach profile records have shown that the south shore of Rhode Island can be 
characterized as erosional (McMaster et al., 1961-1993; Boothroyd et al., 1977-
present; Rosenberg, 1985; Graves, 1991; King et al., 1993-present). 
Storm Information 
Two hundred ninety-six extratropical storms that occurred between November 
1956 and March 2001 along the south shore were identified (O'Connor, in prep) 
(Appendix G). Their intensities were determined using the Dolan and Davis 
classification system (Table 1) (Figure 5) (Dolan and Davis, 1992). Storm frequency 
and intensity were used to interpret historical shoreline change. The intensity of the 
storm controls some of the effect the storm has on the shoreline. The amount of time 
the shoreline has to recover between storms will affect the landward reach of a given 
storm (Hayes and Boothroyd, 1969). 














Hs = Significant wave height (m) 
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Forty-one tropical storms have affected the Rhode Island coast between 1939 
and 1999 (Vallee, 1993; Calabro, 1997; Boothroyd in RICRMP, 1999; and Mailhot, 
2000). These storms either have made landfall on the southern New England coastline 
or pass close enough to shore resulting in storm conditions along the shoreline. The 
Great September Gale of September 1938, which has been identified to be the 100-
year storm for the region, is included within the dataset because the 1939 HWL 
position records post-storm influence. Tropical storms that occurred after the date of 
the 1999 photographs (June 5, 1999) are not included in this dataset. 
UPDATED LONG-TERM SHORELINE CHANGE RATES 
Revised shoreline changes for the interval 1939 to 1999 from photographs 
were identified in this study (Figure 6) (Appendix F). Revised erosion rates from 
1939 to 1999 show similar distribution and magnitude along the entire south shore to 
erosion rates determined from 1939 to 1985 (Table 2)(Simpson, 1977; Boothroyd et 
al., 1988; Boothroyd in RICRMP, 1995,1999). The data along the south shore are 
presented by town (Figure 2). 
Table 2: Updated Long-term Shoreline Change by Town 
1939-1985 1939-1999 
Min-Max Min-Max 
Westerly 0.56 to -0.85 0.28 to -0.88 
Charlestown 0.09 to -1.06 -0.06 to -1.28 
South Kingstown 0.00 to -1.01 -0.06 to -1.07 







































































































































































This section of the south shore consists of the Watch Hill headland, Maschaug 
barrier, Misquamicut headland, Misquamicut barrier, and Weekapaug headland; the 
eastern town line divides the Quonochontaug barrier (Plate 1 ). Narrow beaches and 
low headland bluffs characterize this shoreline. Frequent street flooding occurs even 
during moderate storms. Much of the Misquamicut headland is armored with 
revetments. Narrow dikes were built to reduce flooding in areas where the bluff was 
destroyed by erosion or construction. Erosion rates vary from -0.72 m·yr· 1 on the 
Quonochontaug headland to -0.11 m·yr·1 along the Misquamicut barrier east of 
Misquamicut State Beach. Long-term erosion rates were less in armored areas along 
Watch Hill and the Misquamicut headland. 
Charlestown 
This section of the south shore begins in the middle of the Quonochontaug 
barrier. It consists of the Quonochontaug barrier, Quonochontaug headland, East 
Beach barrier, and part of the Charlestown/Green Hill barrier (Plate 2). The highest 
erosion rates in the town occur along the undeveloped section of the East Beach 
barrier and Charlestown/Green Hill barrier. The highest measured erosion rates along 
the south shore was -1.27 m·yr·1 at transect segment 71 on the west end of East Beach 
barrier. 
South Kingstown 
This segment of shoreline begins on the west side of Green Hill Pond on the 
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Charlestown/Green Hill barrier. The shoreline in South Kingstown consists of the 
Charlestown/Green Hill barrier, Green Hill headland, Moonstone barrier, Matunuck 
headland, and the East Matunuck barrier (Plate 3). The undeveloped Moonstone 
barrier is part of the Trustom National Wildlife Refuge. Sections of the Matunuck 
headland are heavily developed. East Matunuck barrier is primarily undeveloped. 
Erosion rates vary from -l.07m·yr- 1 along the East Matunuck barrier in front of Potter 
Pond to -0.08 m·yr-1 along the Matunuck headland. 
Narragansett 
A roughly 3 km stretch of the Narragansett shoreline is on the south shore of 
Rhode Island from the Inlet of Point Judith Pond to Point Judith (Plate 4). The 
shoreline composition becomes significantly coarser from west to east from the sand 
beaches of Roger Wheeler State Beach to the gravel beaches along Point Judith. The 
Harbor of Refuge breakwater protects the majority of this coastline. Shoreline change 
rates vary from 0.34 m·yr-1 of accretion to -0.32 m·yr-1 of erosion. 
SOURCES OF ERROR AND ESTIMATED MAGNITUDES 
The potential sources of error that influence the 1939-1999 long-term 
measurements include: (1) errors inherent to the source material, (2) errors in 
identifying and digitizing the HWL, (3) errors in shoreline trends due to the distance 
between transects. Errors due to the photogrametric process are documented in 
numerous publications (Anders and Byrnes, 1991; Crowell et al., 1991; and Thieler 
and Danforth, 1994, for example). Having corrected for varying scales of the 
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photographs, Simpson (1977) determined the smallest measurable change was 3.9 m 
using a Tiner microrule. 
The HWL is identified on photographs by a tonal change in the sediment due 
to variation in the water content; wet sediment is darker. This line is sometimes 
difficult to identify due to poor color contrast on the photograph. Operator error 
influences the identification when the HWL appears as a transition zone due to poor 
tonal quality or the operator needs to choose between the wrack line and the wet/dry 
line on the berm top. Crowell et al. (1991) estimated total error in delineating the 
HWL to be 7.7 m. 
Because of the length of shoreline attempting to be categorized, it is impossible 
to take measurements at the finite distances needed to categorize each variation in 
detail (Stafford, 1968; Dolan et al., 1992). It was found by Stafford (1968) that a 
spacing of 300 m between transects provided a detailed enough record of beach 
changes without reducing the simplicity of the method by creating countless 
measurements. Regan (1976) created 98 transects that have an average spacing of 300 
m and a smaller spacing of 150 m around areas of expected higher changes around 
inlets and on barriers. Spacing was limited by the positioning of available reference 
points on the four sets of photographs in the original study (Regan, 1976). 
It was found that this spacing provided adequate in the shoreline averaging 
technique. Between a given set of transects the trend could reduce from erosional to 
accretional within a distance of 20 m to 30 m. Changes ofthis type were small in 
magnitude and are factored into the segment average. Creating transect spacing that 
took into account every variation would be an impractical use of time considering 
these small magnitude changes did not occur in the same place on more than one 
occasion. 
EVALUATE SHORT-TERM (5 TO 12 YEAR) VARIATIONS 
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It has been proposed by Galgano et al. (1998) to use a priori knowledge in 
analyzing historical shoreline data and remove data that are influenced by storms from 
the long-term calculations. Corrections of this sort however, do not take into account 
the driving forces behind erosion. For example single storm events along the south 
shore of Rhode Island have resulted in shoreline loss of 15 m to 30 m on Charlestown 
Beach. This makes storms an important part of the historical shoreline record that 
needs to be factored into calculations. 
Additional information exists within the Rhode Island historical shoreline 
record. HWL positions have been measured on photographs that were obtained in 
1939, 1951, 1963, 1972, 1975, 1981, 1985, 1995, and 1999 (Regan, 1976; Simpson, 
1977; Boothroyd et al., 1988; Boothroyd in RICRMP, 1995, 1999). The data from 
these shorter intervals show significant variation from the 60-year trend that is 
presented as the long-term record (Figure 7). The shoreline data presented in 
Figure 7 a-g show relative changes in the position of the HWL between photograph 
dates. Short-term variation sometimes equals or exceeds those observed over the 60-
year time span. 
Shoreline Change: 1939 to 1951 
From 1939-1951 the south shore can be characterized as depositional. While 
135 


















































































































































































































































































































































































































































































































































































































































































the maximum total recession was -47.5 mat transect 95 south of Potter Pond on the 
East Matunuck barrier, shoreline recession ranged from-5 m to -10 m along parts of 
the south shore. Significant accretion was measured in some areas (Figure 7a). On 
East Beach barrier and Charlestown/Green Hill barrier, total accretion was 60.9 m to 
73.2 m. The average shoreline gain was 4.2 m during this period. 
The storm record does not extend to this period but some shoreline change can be 
attributed to the Great September Gale of 1938. The hurricane occurred on September 
21, 1938 and has been identified to be the 100-year storm for this region. The 
photograph of May 1939 depicts partial recovery. Therefore, the gain observed from 
1939-1951 illustrates continued recovery after the Hurricane of 1938. 
Shoreline Change: 1951 to 1963 
This study's storm record partially covers the 1951-1963 photograph time 
span. This was a time of significant erosion as high as -60.9 to -70.8 mat locations 
along the south shore (Figure 7b ). The widespread shoreline loss during this time 
period was caused by the high frequency of tropical and extratropical storms. Eleven 
tropical storms occurred between the time of the 1951 photo and the 1963 photo 
including several large hurricanes (Vallee, 1993). Hurricane Carol of 1954 was a 
Category 3 hurricane that had an estimated surge height of 4.2 m. This storm 
destroyed 3,800 homes in the state (Vallee, 1993). Hurricane Donna of 1960 was a 
Category 2 hurricane. This storm passed to the west of Rhode Island but damage was 
limited by the storm hitting at low tide (Vallee, 1993). In addition to hurricanes, a 
large number of high intensity extratropical storms occurred during this time period. 
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Table 3: The late 1950s and early 1960s was a time of more frequent higher 
intensity storms then any other time in the 45-year storm record. During this 
time period shoreline changes as high as -60.9 m to -70.8 m were 
measured at locations along the south shore. This table presents selected 
tropical and extratropical storms that effected the south shore of Rhode 
Island. 
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Table 3: Selected Storms That Occurred Between 1951-1963 
A. Extratropical Storms 
Year Date Duration Wave Height Power Class 
{hours} {meters} 
1958 15-Feb 51 3.1 481 5 
1958 3-Mar 24 1.1 29 1 
1958 20-Mar 48 2.9 391 3 
1958 1-Apr 60 3.1 587 5 
441 
1959 6-Mar 19 4.8 15 3 
1959 12-Mar 8 1.4 72 1 
1959 27-Mar 20 1.9 119 1 
1959 23-Oct 42 1.7 443 2 
1959 7-Dec 14 5.6 174 3 
1959 22-Dec 18 3.1 60 3 
937 
1960 3-Jan 6 3.1 968 1 
1960 3-Mar 48 4.4 840 4 
1960 11-Dec 26 6.1 757 4 
1 
1961 19-Jan 28 5.5 3 3 
1961 4-Feb 24 5.6 134 3 
1962 6-Jan 24 0.9 19 1 
1962 14-Feb 24 3 221 3 
1962 6-Mar 37 9.8 3528 5 
1962 4-Oct 69 1.2 97 2 
1962 30-Dec 48 7.4 2648 5 
1963 19-Feb 13 2.7 91 2 
1963 4-Apr 26 6.7 1152 4 
B. Tropical Storms 
Storm Event Date Wind Speed Category 
(mph) 
Hurricane Barbara 14-Aug-53 40-50 1 
Hurricane Carol 31-Aug-54 80-100 3 
Hurricane Edna 11-Sep-54 50-70 3 
Tropical Storm Connie 12-Aug-55 20-45 
Tropical Storm Diane 18-Aug-55 25-45 
Hurricane Daisy 29-Aug-58 20-30 3 
Tropical Storm Cindy 10-Jul-59 20-40 
Tropical Storm Brenda 30-Jul-60 20-30 
Hurricane Donna 12-Sep-60 60-80 2 
Hurricane Esther 20-Sep-61 35-50 3 
Hurricane Alma 28-Aug-62 30-40 2 
Hurricane Daisy 07-Oct-62 25-40 1 
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Thirty-eight extratropical storms occurred between November 21, 1956 and 
September 2, 1963, including three Class IV storms and two Class V storms between 
1960 and 1963 (Table 3). Measurements after storms of similar intensity show that 
sediment volume lost after a Class IV storm required months to redeposit a mature 
berm. The beach profiles also show that after three years the pre-storm height and 
shape had not completely recovered after the major period of storminess during the 
1970s (Figure 8). 
The only Class V storm that occurred during the long-term beach profile 
record was the Blizzard of December 1992. This storm occurred during a period of 
otherwise low intensity storms. Volume recovery occurred within a month, and 
shoreline position recovered within a year. Beach profile analysis shows that sediment 
volume loss can be regained, but it may take significantly longer to rebuild the berm to 
the pre-storm height and width. 
Shoreline Change: 1963 to 1972 
From 1963-1972, the south shore can be characterized as eroding. During this 
time period changes occurred on a lower magnitude than from 1951-1963 but changes 
were still observed as high as - 36 m to - 47 mat several transects (Figure 7c). The 
average shoreline loss was -2.2 m for this time period. There was an average of six 
storms during each year between photographs. Though a higher number of Class III 
and Class IV storms occurred during this period, the storms were more evenly 
distributed, allowing recovery to occur between storms. 
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Figure 8. The CHA-EZ profile began in October of 1977 during a period of intense 
storminess with the Blizzard of February 1978 marking the lowest volume in the 
24-year profile record. Complete recovery occurred to pre-storm configuration 
approximately three years after the Blizzard of February 1978. However, profiles 
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Shoreline Change: 1975 to 1985 
The photographs of 1975 and 1981 include images before and after the period 
of storminess from 1976-1978. The photographs obtained in 1985 mark the recovery 
that began after the Blizzard of 1978 (Figure 7e). The 1981 photographs were 
obtained approximately three years after the late 1970's storminess ended and 
captured significant shoreline recovery (Figure 7d). Still, large reversals from erosion 
to accretion were observed at several locations along the shoreline between the time of 
the 1981 photographs and 1985 photographs (Figure 9). Over the six-year time span, 
a maximum recession of25.7 m was measured at segment 60-61 on the 
Quonochontaug headland. The average shoreline recession from 1975 to 1981 was 
-2.8 m. Beach profiles conducted throughout this period of storminess reflect that 
accretion began as the frequency of storms declined after the Blizzard of 1978. 
The Blizzard of February 1978 culminated a period of intense storminess. 
Profile measurements began during this time reveal the influence that storm frequency 
has on the ability of the shoreline to recover (Figure 10). The final storm event during 
this period was the Blizzard of February 1978, which completely removed the berm. 
Shoreline recovery began immediately, and a pre-storm sediment volume was 
obtained three months later. A low berm formed within days of the storms end, but it 
took approximately three years for the upper beach to regain pre-storm shape and 
height (Figure 8). The average shoreline loss from 1981 to 1985 Was -0.2 m marking 
significant post-storm recovery. 
Shoreline Change: 1985 to 1995 






















































































































































































































Figure 10. Profiles measured during the first two months of 1978 at CHA-EZ. A\ 
series of high intensity storms occurred during this time period resulting in limited 
recovery. It was the succession of multiple high intensity storms that resulted in 
significant shoreline loss and the long duration needed for complete recovery. 
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maximum recession of 20.3 m at transect segment 95 (Figure 7:f). Slight accretion was 
measured on the Weekapaug headland and the Sand Hill Cove barrier. Maximum 
shoreline change during this time period was approximately equivalent to observed 
changes during the 1975-1981 time period. Losses of this magnitude, however, were 
not widespread. The average shoreline loss from 1985 to 1995 was -5.5 m. Total 
shoreline change from 1985 to 1995 was slightly higher than measured changes from 
1981 to 1985. This increase was due to more frequent high intensity storms. 
Shoreline Change: 1995 to 1999 
From 1995 to 1999 the shoreline changes were lower than measured changes 
from 1985 to 1995. Shoreline changes ranged from a maximum loss of 14.0 mat 
transect segment 51 on the Quonochontaug barrier to a maximum gain of 9.0 mat 
transect segment 15 on the Watch Hill headland (Figure 7g). The average shoreline 
loss was -1.2 m for this time period. 
CONSTRUCTION SETBACKS 
These examples of short-term shoreline change demonstrate the magnitude of 
variation that can occur in data trends that are used to predict shoreline movement. 
The balance between citizens wanting to utilize the shoreline and the government 
controlling economic loss from storm damage is a problem that faces most coastal 
communities. Construction setbacks are created to balance the economic losses due to 
property damage from erosion. Severe storm damage has occurred along the south 
shore of Rhode Island throughout the historical shoreline record. 
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For example, the Great September Gale of September 21, 1938 destroyed all 
houses on Charlestown Beach. Construction occurred during the post-storm recovery 
and again all houses were destroyed during Hurricane Carol 1954. Thirty-six houses 
were built during the post-storm recovery prior to the late 1970's. Six houses were 
damaged or destroyed and three houses were relocated during the storminess of the 
late 1970's. 
The 1984 Coastal Resources Management Plan created construction setbacks 
from a given coastal feature (i.e., base of the foredune). Features such as the base of 
the foredune can be interpreted to several locations in the field such as the start of the 
ramp, the base of the ramp, or the edge of vegetation. These different interpretations 
in the location of the coastal feature as defined in the 1984 Coastal Resources 
Management Plan led to variations in where construction was allowed. 
The Blizzard of December 1992 was a Class V extratropical storm. This storm 
caused significant shoreline loss, and structural damage occurred along portions of the 
south shore. The Coastal Resources Management Plan was rewritten after this storm 
(CRMC, 1995). Construction setbacks are now measured from the foredune crest or 
bluff edge. The coastal feature as presently defined allows for little misinterpretation 
in construction policies. 
This study shows that, variations in HWL locations that occurred on the order 
of 5 to 12 years were approximately equal to or greater than current construction 
setbacks. The late 1950s and early 1960s was a time of more frequent higher intensity 
storms in the 45-year storm record. Shoreline recession as high as 60.9 to 70.8 m were 
























































































































































































































































































this magnitude are greater than current construction setbacks in some locations (Figure 
11 ). The wide spread shoreline loss during this time period was caused by the high 
frequency of tropical and extratropical storms. 
Large variations in change over time are observed at any transect location 
along the south shore. Current construction setbacks therefore should be considered to 
be a minimum requirement. The Rhode Island shoreline experiences reversals from 
erosion to accretion as the storm climate changes. The long-term shoreline change 
rate and the highest short-term loss need to be accounted for in constructions setbacks. 
For regions where the land is developed beyond carrying capacity (as defined by 
RICRMP, 1999) new construction setbacks need to be established. These coastal 
areas will potentially incur the most property damage during an intense period of 
storminess due to high housing densities. Minimum construction setbacks should be 
placed 225 ft (69 m) landward from the inland boundary of a given coastal feature (i.e. 
foredune crest), because shoreline changes greater than 69 m have been measured in 
both the HWL and the dune line (Reagan, 1976). Construction setbacks of the 
proposed magnitude however, would be sufficient to prevent most property damage 
during intense periods of storminess. 
CONCLUSIONS 
1. Historical shoreline data show that the south shore of Rhode Island is changing at 
rates that vary considerably along the shoreline from erosion over 1 m·yr-1 on the East 
Beach barrier to accretion of+ 0.28 m·yr-1 on the Misquamicut barrier. The revised 
shoreline data (1939-1999) show similar distribution and relative magnitude to the 
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1939 to 1985 shoreline data of Boothroyd et al. (1988). The average shoreline erosion 
rate decreased slightly from -0.42 m·yr-1 (1939-1985) to -0.40 m·yr-1 (1939-1999) for 
the south shore. 
2. This study shows that large storms have an effect on shorelines that can be 
measured on photographs obtained years later. Maximum shoreline recession 
measured from 1951 to 1963 ranged from-60.9 m to -70.8 m. Changes measured for 
this period were due to the frequency of high intensity tropical and extratropical 
storms including Hurricane Carol of 1954, and the Ash Wednesday Storm of 1962. 
Quantifying the impact of a single storm cannot be done unless photographs are 
obtained immediately before and after a storm event. 
3. Shoreline change at many transects measured for the 19 51 to 1963 time interval 
were greater than current construction setbacks in the RI CRMP (CRMC, 1995, 1999). 
This time period had more frequent high-intensity storms than any other time in the 
45-year record of storms identified in this study. No beach profile data are available 
for the period of storminess during the late 1950·s and early 1960s to demonstrate the 
impact of individual storm events. 
4. Widespread damage has been observed after such storms as the Hurricane of 
September 1938, Hurricane Carol of 1954, Blizzard of 1978, and the Blizzard of 1992. 
Current construction setbacks should be considered to be a minimum requirement. 
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The Rhode Island shoreline experiences reversals from erosion to accretion as the 
storm climate changes. These patterns need to be accounted for in constructions 
setbacks. For regions developed beyond carrying capacity a construction setback of 
69 m landward from the coastal feature is proposed. Present construction setbacks 
would not be adequate during a period of storminess like that of the early 1960' s. 
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APPENDIX A: Wave Calculations 
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Recorded wave heights, which is an essential component of the classification 
system developed by Dolan and Davis, is limited to the last 15 to 20 years (Dolan and 
Davis, 1994). There is no buoy that records wave heights located in Rhode Island, 
which requires the use of wave hindcasting to obtain data of this nature. There are two 
buoys that are located in proximity to the study area but records do not cover the time 
span of this study (Figure 1 ). 
The buoy BUZM3 is located in Buzzards Bay while the buoy 44025 is located 
off the Long Island coast. The Buzzards Bay buoy has collected wave height data 
over the last 4 years. Collection at this site is sporadic with many months being 
incomplete including the winter of 1998-1999. The buoy off the Long Island coast has 
collected wave height data since 1991. Close examination of this record shows that it 
was operational for the majority of this time. 
This study used wave hindcasting equations presented in CERC (1984). Wave 
hindcasting calculates wave heights by establishing a relationship between surface 
wind stress and wave formation. Information that is needed to do wave hindcasting 
includes: duration, length of the fetch, and the speed and direction of wind over the 
fetch. These equations have been simplified from a parametric wave model proposed 
by Hasselmann et al. (1976) that calculated wave heights by matching wave spectral 
energy peaks. 
Wind data were obtained from the TF Green Weather Station (Local 
Climatological 1956-2001). This is the only weather station that covered the time 
span of this study that collected measurements reliably. Stations located closer to the 
coastline either did not cover the necessary time span or were reported to be 
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Figure 1. Location map of buoys in Southern New England (National Data Buoy 
Center, www .ndbc.noaa.gov ). 
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questionable data by the National Climatic Data Center. Even though this station is 
located approximately 30 miles from the south shore, a study by Griscom et al. (1982) 
showed that wind velocity decreased linearly as you moved inland from the coast. 
Using their equation wind data from TF Green Weather Station was corrected to 
Charlestown, Rhode Island, which is the focal point of this study. 
Uch = 1.381 *UTFa-1.92 
Where Uch = 
UTFG= 
Charlestown Wind Speed (meters/second) 
TF Green Weather Station Wind Speed (meters/second) 
Wind measurements taken over land need to be corrected for it to be used in the 
CERC hindcasting equations. 
A. The first correction is to adjust the wind velocity to a 10 m height. All wave 
hindcasting calculations have been designed using wind velocities at this 
elevation. This equation can be used for all wind velocities that are measured 
below 20 m. 
U(l0) = U(z)(10/z) 117 
Where z is the elevation of the tower in meters. 
B. The wind velocity needs to be corrected for differences that are caused by 
variations in temperature over land and water. 
Where RT is the constant 1.1. 
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C. The wave hindcasting equations calculate wave heights using a wind stress 
factor. The wind stress factor is calculated using the corrected wind velocities. 
UA = 0.71Ul.23 
Using the wind stress factor it is possible to calculate wave heights. In this 
study, deep-water wave heights were calculated for the Dolan and Davis (1992) storm 
classification system. There are two deep-water wave equations for the fetch-limited 
conditions and for the fully developed sea. The fetch is the area over which the wind 
speed and direction have remained constant. In the fetch-limited conditions, the wave 
height is controlled by the size of the fetch. While in the fully developed sea wind has 
been blowing long enough for equilibrium to occur and energy is gained by the system 
at the same rate it is lost. 
Deep water Hindcast Equations 
Fetch Limited 
Fully Developed Sea 
Hs = 2.482 x 10-2u/ 
Where Hs = Deep-water significant wave height (meters) 
F = Fetch (meters) 
U A = Wind stress factor (meters/second) 
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APPENDIX B: Beach Profiles 
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This study analyzed beach profile data collected at Charlestown Beach and 
South Kingstown Town Beach. Beach profiles are measured perpendicular to the 
shoreline, and show a cross-sectional view of the beach. This study obtains profiles 
using the modified Emery technique. This technique utilizes two 1.5 m measuring 
rods with a maximum two-meter spacing between the rods. Relative elevation 
changes are measured between the two rods with respect to the horizon. Elevation 
data are referenced to the back stake, which has a known elevation above Mean Low 
Water (MLW). Elevation measurements are taken every two meters and at shorter 
intervals to mark geomorphic features. 
Comparative beach profiles are plotted at a 5: 1 vertical exaggeration using a 
custom-designed AutoLisp™ program (Appendix, E) in AutoCAD™. A volume is 
calculated for each profile date and shown in a beach volume time series in Excel™. 
The volume represents a 1 meter wide segment of beach along the profile transect. 
This volume is determined by multiplying the cross sectional area of the profile plot 
by 1 meter and is reported as m3m-1. 
With a significant number of people having collected data over the 24 years of 
this study, it is important to consider the error created by different readers. Blais 
(1986) demonstrated through duplicate measurements taken by two different teams 
that the average variation in the total profile volume is 1. 7 %. The most significant 
differences were observed in the swash zone and were attributed to the profile rods 
being undermined by the moving water. 
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APPENDIX C: Historical Shoreline Change 
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This study updated the historical shoreline record for the south shore of Rhode 
Island to 1999. The historical shoreline positions were measured for the south shore 
of Rhode Island using vertical aerial photographs. The high water line (HWL) was 
mapped on successive vertical aerial photographs to identify shoreline position 
changes over time. To determine shoreline change, the HWL on two successive 
photos of the same location were identified. The HWL is recognized by a tonal 
change on the photographs caused by a variation in the water content of the sand; wet 
sand is darker (Stafford and Langfelder, 1972). 
The south shore study now contains information from 1939, 1951, 1963, 1972, 
1975, 1981, 1985, 1995, and 1999. The two high water lines were overlayed at a 
common base scale and the area between the two lines was measured. The 
measurements were made between 98 transects (perpendicular to the shoreline) 
originally established by Regan (1976) which allows successive studies to be 
compared (Regan, 1976; Simpson, 1977; Boothroyd et al., 1988; Boothroyd in 
RICRMP, 1995,1999). 
For the years 1939, 1951, 1963, and 1972 shoreline positions were measured 
by determining the change in distance from the reference point to the HWL. A 5X 
magnifying glass and a binocular microscope were used to aid in the identification of 
features and make measurements. Distance measurements were made with a 12-inch 
Microrule. 
The 1975, 1981, and 1985 HWL positions were traced onto stable mylar 
overlays. The photographs were processed to minimize the effects due to varying 
scales, tilt, lens distortion, paper shrinkage, and relief displacement. Processing 
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techniques that minimize photogrammetric errors were used (Crowell et al., 1991; 
Anders and Byrnes, 1991; Regan 1976; Simpson, 1977; Thieler and Danforth, 1994). 
The scale of the photographs was determined through ground surveys (Regan 
1976; Simpson, 1977). Objects, such as houses, were identified on the photograph and 
located in the field. The distance between two objects was measured with a tape in the 
field and compared to the distance measured on the photograph with a Tiner 
Microrule, to calculate the scale. 
The aerial photographs were obtained with 60% overlap and 30% sidelap, and 
measurements were made in the center of the photograph to minimize the effects due 
to tilt, lens distortions, and paper shrinkage (Simpson, 1977). Changes in elevation are 
small along the south shore so errors due to relief displacement are negligible (Regan 
1976; Simpson 1977). A Bausch and Lomb Zoom Transfer Scope TM was used to 
transfer shoreline positions from one mylar sheet to the other to achieve scale 
matching (Simpson, 1977; Boothroyd et. al, 1988). 
The 1985 and 1999 aerial photographs were scanned and georegistered to 1995 
orthophotography of Rhode Island (Rhode Island Geographical Information System, 
1996), with a zero x,y coordinate pixel error using Maplnfo TM, a GIS program. The 
HWL was identified through heads up digitizing from the registered 1985 and 1999 
photographs and the 1995 orthophotos. The change in area from the 1985 HWL to the 
1999 HWL was measured between successive transects using Map Info TM. The 
average linear shoreline displacement for each segment was calculated by dividing the 
change in area between two successive shoreline positions by the linear distance 
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between transects. Shoreline change rates were determined for each time interval and 
a total change rate for the 60-years interval. 
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FORMAT OF DATA: 
The data were compiled from Regan (1976), Simpson (1977), and Boothroyd et al. 
(1988) for the south shore of Rhode Island. The data are presented in tabular format 
and graphically showing deposition and accretion in m/yr for each transect segment in • 
Microsoft ExcelTM_ 
Data from 1985-1999 were obtained from measurements made on georegistered aerial 
photographs. These shoreline positions are available in a Maplnfo Table and Arc 
View Shape File. 
PHOTOGRAPHS 
1939 RISWHIPS CONT.3903 (1:14,000) 
1951 Agricultural Stabilization and Conservation Service 
(DPK series) (1 :20,000) 
1963 Agricultural Stabilization and Conservation Service 
(DPK series) (1 :20,000) 
1972 Aerial Data Reduction Associates, Inc. (1: 12,000) 
1975 Aerial Data Reduction Associates, Inc. (1: 12,000) 
1981 Aerial Data Reduction Associates, Inc. (1: 10,000) 
1985 Aerial Data Reduction Associates, Inc. (1 :9,600) 
1999 James W. SeWall Company (1:12,000) 
The 1995 shoreline measurements were made on orthophotos that were obtained from 
Rhode Island Geographic Information System 
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APPENDIX D: Statistical Analysis 
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The Mann-Whitney test was used to test whether their was a relationship 
between the magnitude of profile volume change and a given storm class. This test 
was performed by ranking the volume change data (smallest to largest) for the entire 
data set. At the 5 % significance level the only relationship existed between Class I 
and Class IV storms for the two profile locations (Table lA-B). Comparisons between 
all other Classes at the two profile location showed that there was no relationship 
between D&D storm Class and beach profile volume response (Table lA-B). 
(1) Mann-Whitney Test Statistic (T) 
n 
T = I i=I R(Xi) - n{n+ 1) 
2 
(2) Lower Critical Values (Ta) 
Values were obtained from table found in Conover (1980). 
(3) Upper Critical Values (Ti-a) 
n = sample size 
m = sample size 
(4) Testing the null hypothesis and the alternative. 
Ho : E(X) :S E(Y) 
H1: E(X) > E(Y) 
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Table 1 A: Mann-Whitney Test Results for CHA-EZ 
Mann-Whitney Test Lower Critical Upper Critical 
Statistic Value Value 
Class I 794 259 925 
Class II 
Class I 794 332 962 
Class Ill 
Class I 794 127 391 
Class IV 
Class II 768 271 814 
Class Ill 
Class II 171 167 433 
Class IV 
Class Ill 171 99 201 
Class IV 
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Table lB: Mann-Whitney Test Results for SK-TB 
Mann-Whitney Test Lower Critical Upper Critical 
Statistic Value Value 
Class I 95 55 104 
Class II 
Class I 95 57 111 
Class Ill 
Class I 95 2 46 
Class IV 
Class II 53 22 62 
Class Ill 
Class II 48 3 49 
Class IV 
Class Ill 48 3 51 
Class IV 
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Citation_ Information: Aerial Data Reduction Associates, 
Inc. 
Publication Date: 19850322 
Title: weekapaug_ w_l 985, Aerial photographs 
Edition: one 
Geo spatial_ Data_ Presentation_ Form: map 
Publication_Information: Aerial Data Reduction Associates, 
Inc., Pannsauken, N.J. 08100 
Publisher: Aerial Data Reduction Associates, Inc. 
Other Citation Details: N/ A - -
Source Scale Denominator: 1: 10000 - -
Type_ of_ Source_ Media: aerial photographs 
Source Time Period of Content: 19850322 - - - -
Ending_Date: 19850322 
Source_ Citation_ Abbreviation: Weekapaug_ c _ 1985 
Source_ Contribution: Used to digitize 1985 Shoreline Position 
Source_Citation: 1985 Aerial photograph, 145-85 6-2397 
Citation_ Information: Aerial Data Reduction Associates, 
Inc. 
Publication Date: 19850322 
Title: Weekapaug_c_1985, Aerial photographs 
Edition: one 
Geospatial_Data_Presentation_Form: map 
Publication_lnformation: Aerial Data Reduction Associates, 
Inc., Pannsauken, N.J. 08100 
Publisher: Aerial Data Reduction Associates, Inc. 
Other Citation Details: NI A - -
Source Scale Denominator: 1 : 10000 - -
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Type_of_Source_Media: aerial photographs 
Source Time Period of Content: 19850322 - - - -
Ending_Date: 19850322 
Source_ Citation_ Abbreviation: Weekapaug_ e _ 1985 
Source_Contribution: Used to digitize 1985 shoreline Position 
Source_Citation: 1985 Aerial photograph, 145-85 7-1758 
Citation_ Information: Aerial Data Reduction Associates, 
Inc. 
Publication Date: 19850322 
Title: Weekapaug_e_1985, Aerial photographs 
Edition: one 
Geospatial_ Data _Presentation _Form: map 
Publication_ Information: Aerial Data Reduction Associates, 
Inc., Pannsauken,N.J. 08100 
Publisher: Aerial Data Reduction Associates, Inc. 
Other Citation Details: NI A - -
Source Scale Denominator: 1: 10000 - -
Type_ of_ Source_ Media: aerial photographs 
Source Time Period of Content: 19850322 - - - -
Ending_Date: 19850322 
Source_ Citation_ Abbreviation: Quonochontaug_ w _ 1985 
Source_ Contribution: Used to digitize 1985 shoreline position 
Source_ Citation: 1985 Aerial photograph, 145-85 8-2357 
Citation_ Information: Aerial Data Reduction Associates, 
Inc. 
Publication Date: 19850322 
Title: Quonochontaug_w _1985, Aerial photographs 
Edition: one 
Geospatial_ Data_ Presentation_ Form: map 
Publication_lnformation: Aerial Data Reduction Associates, 
Inc., Pannsauken,N.J. 08100 
Publisher: Aerial Data Reduction Associates, Inc. 
Other Citation Details: NI A - -
Source Scale Denominator: 1 : 10000 - -
Type_ of_ Source_ Media: aerial photographs 
Source Time Period of Content: 19850322 - - - -
Ending_Date: 19850322 
Source_ Citation_ Abbreviation: Quonochontaug_ c _ 1985 
Source_ Contribution: Used to digitize the 1985 shoreline 
position. 
Source_Citation: 1985 Aerial photograph, 145-85 9-1581 
Citation Information: 
Originator: Aerial Data Reduction Associates, Inc. 
Publication Date: 19850322 
Title: Quonochontaug_c_1985, Aerial photographs 
Edition: one 
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Geo spatial_ Data_ Presentation_ Form: map 
Publication Information: 
Publication Place: Aerial Data Reduction Associates, Inc., 
Pannsauken,N.J. 08100 
Publisher: Aerial Data Reduction Associates, Inc. 
Other Citation Details: - -
Online_ Linkage: NI A 
Source Scale Denominator: 1: 10000 - -
Type_ of_ Source_ Media: aerial photographs 
Source Time Period of Content: 
Time Period Information: - -
Range_ of _Dates/Times: 
Beginning_ Date: 19850322 
Ending_Date: 19850322 
Source_ Citation_ Abbreviation: Quonochontaug_ e _ 1985 
Source_ Contribution: Used to digitize the 1985 shoreline 
position. 
Source_Citation: 1985 Aerial photograph, 145-85 10-1761 
Citation Information: 
Originator: Aerial Data Reduction Associates, Inc. 
Publication Date: 19850322 
Title: Quonochontaug_w _1985, Aerial photographs 
Edition: one 
Geospatial_ Data_ Presentation_ Form: map 
Publication Information: 
Publication_Place: Aerial Data Reduction Associates, Inc., 
Pannsauken,N.J. 08100 
Publisher: Aerial Data Reduction Associates, Inc. 
Other Citation Details: - -
Online_ Linkage: NI A 
Source Scale Denominator: 1 : 10000 - -
Type_ of_ Source_ Media: aerial photographs 
Source Time Period of Content: - -
Time Period Information: - -
Range_ of_ Dates/Times: 
Beginning_Date: 19850322 
Ending_Date: 19850322 
Source_ Citation_ Abbreviation: Quonochontaug_ N eek_ 1985 
Source_ Contribution: Used to digitize the 1985 shoreline 
position. 
Source_Citation: 1985 Aerial photograph, 145-85 11-535 
Citation Information: 
Originator: Aerial Data Reduction Associates, Inc. 
Publication Date: 19850311 





Publication_Place: Aerial Data Reduction Associates, Inc., 
Pannsauken, N.J. 08100 
Publisher: Aerial Data Reduction Associates, Inc. 
Other Citation Details: - -
Online_ Linkage: N/ A 
Source Scale Denominator: 1: 10000 - -
Type_of_Source_Media: aerial photographs 
Source Time Period of Content: - - - -
Time Period Information: - -
Range_ of_ Dates/Times: 
Beginning_Date: 19850311 
Ending_Date: 19850311 
Source_ Citation_ Abbreviation: Ninigret_ w _ 1985 
Source_ Contribution: Used to digitize the 1985 shoreline 
position. 
Source_Citation: 1985 Aerial photograph, 145-85 12-531 
Citation Information: 
Originator: Aerial Data Reduction Associates, Inc. 
Publication Date: 19850311 
Title: Ninigret_w_1985, Aerial photographs 
Edition: one 
Geo spatial_ Data_ Presentation_ Form: map 
Publication Information: 
Publication_Place: Aerial Data Reduction Associates, Inc., 
Pannsauken,N.J. 08100 
Publisher: Aerial Data Reduction Associates, Inc. 
Other Citation Details: - -
Online_ Linkage: NI A 
Source Scale Denominator: 1 : 10000 - -
Type_ of_ Source_ Media: aerial photographs 
Source Time Period of Content: 
Time Period Information: - -
Range_ of_ Dates/Times: 
Beginning_ Date: 19850311 
Ending_Date: 19850311 
Source_ Citation_ Abbreviation: Ninigret_ c _ 1985 
Source_ Contribution: Used to digitize the 1985 shoreline 
position. 
Source_Citation: 1985 Aerial photograph, 145-85 13-353 
Citation Information: 
Originator: Aerial Data Reduction Associates, Inc. 
Publication Date: 19850311 





Publication_Place: Aerial Data Reduction Associates, Inc., 
Pannsauken,N.J. 08100 
Publisher: Aerial Data Reduction Associates, Inc. 
Other Citation Details: - -
Online_ Linkage: NI A 
Source Scale Denominator: 1 : 10000 - -
Type_of_Source_Media: aerial photographs 
Source Time Period of Content: - -
Time Period Information: - -
Range_ of_ Dates/Times: 
Beginning_Date: 19850311 
Ending_ Date: 19850311 
Source_ Citation_ Abbreviation: Ninigret_ e _ 1985 
Source_Contribution: Used to digitize the 1985 shoreline 
position. 
Source_Citation: 1985 Aerial photograph, 145-85 14-350 
Citation Information: 
Originator: Aerial Data Reduction Associates, Inc. 
Publication Date: 19850311 




Publication_Place: Aerial Data Reduction Associates, Inc., 
Pannsauken,N.J. 08100 
Publisher: Aerial Data Reduction Associates, Inc. 
Other Citation Details: - -
Online_ Linkage: NI A 
Source Scale Denominator: 1: 10000 - -
Type_ of_ Source_ Media: aerial photographs 
Source Time Period of Content: - -
Time Period Information: - -
Range_ of_ Dates/Times: 
Beginning_Date: 19850311 
Ending_ Date: 19850311 
Source_ Citation_ Abbreviation: greenhill_ w _ 1985 
Source_ Contribution: Used to digitize the 1985 shoreline 
position. 
Source_ Citation: 1985 Aerial photograph, 145-85 16-171 
Citation Information: 
Originator: Aerial Data Reduction Associates, Inc. 
Publication Date: 19850311 
Title: greenhill_w_1985, Aerial photographs 
Edition: one 
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Geospatial_ Data_ Presentation_ Form: map 
Publication Information: 
Publication_Place: Aerial Data Reduction Associates, Inc., 
Pannsauken, N.J. 08100 
Publisher: Aerial Data Reduction Associates, Inc. 
Other Citation Details: - -
Online_Linkage: NIA 
Source Scale Denominator: 1: 10000 - -
Type_ of_ Source_ Media: aerial photographs 
Source Time Period of Content: - -
Time Period Information: - -
Range_ of_ Dates/Times: 
Beginning_Date: 19850311 
Ending_Date: 19850311 
Source_ Citation_ Abbreviation: greenhill_ e _ 1985 
Source_ Contribution: Used to digitize the 1985 shoreline 
position. 
Source_ Citation: 1985 Aerial photograph, 145-85 16-173 
Citation Information: 
Originator: Aerial Data Reduction Associates, Inc. 
Publication Date: 19850311 




Publication_Place: Aerial Data Reduction Associates, Inc., 
Pannsauken,N.J. 08100 
Publisher: Aerial Data Reduction Associates, Inc. 
Other Citation Details: - -
Online_ Linkage: NI A 
Source Scale Denominator: 1: 10000 - -
Type_of_Source_Media: aerial photographs 
Source Time Period of Content: - -
Time Period Information: - -
Range_ of_ Dates/Times: 
Beginning_ Date: 19850311 
Ending_Date: 19850311 
Source Citation Abbreviation: Trustom 1985 - - -
Source_ Contribution: Used to digitize the 1985 shoreline 
position. 
Source_ Citation: 1985 Aerial photograph, 145-85 17-2 
Citation_ Information: 
Originator: Aerial Data Reduction Associates, Inc. 
Publication Date: 19850311 
Title: Trustom_1985, Aerial photographs 
Edition: one 
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Geospatial_ Data _Presentation _Form: map 
Publication Information: 
Publication_Place: Aerial Data Reduction Associates, Inc., 
Pannsauken,N.J. 08100 
Publisher: Aerial Data Reduction Associates, Inc. 
Other Citation Details: - -
Online_ Linkage: NI A 
Source Scale Denominator: 1: 10000 - -
Type_of_Source_Media: aerial photographs 
Source Time Period of Content: - -
Time Period Information: - -
Range_ of_ Dates/Times: 
Beginning_ Date: 19850311 
Ending_Date: 19850311 
Source Citation Abbreviation: Cards 1985 - - -
Source_Contribution: Used to digitize the 1985 shoreline 
position. 
Source_Citation: 1985 Aerial photograph, 145-85 18-761 
Citation Information: 
Originator: Aerial Data Reduction Associates, Inc. 
Publication Date: 19850311 
Title: Cards_1985, Aerial photographs 
Edition: one 
Geo spatial_ Data _Presentation _Form: map 
Publication Information: 
Publication_Place: Aerial Data Reduction Associates, Inc., 
Pannsauken,N.J. 08100 
Publisher: Aerial Data Reduction Associates, Inc. 
Other Citation Details: - -
Online _Linkage: NI A 
Source Scale Denominator: 1: 10000 - -
Type_of_Source_Media: aerial photographs 
Source Time Period of Content: - -
Time Period Information: - -
Range_ of_ Dates/Times: 
Beginning_ Date: 19850311 
Ending_ Date: 19850311 
Source Citation Abbreviation: Matunuck 1985 - - -
Source_ Contribution: Used to digitize the 1985 shoreline 
position. 
Source_Citation: 1985 Aerial photograph, 145-85 19-2024 
Citation_lnformation: 
Originator: Aerial Data Reduction Associates, Inc. 
Publication Date: 19850322 
Title: Matunuck_1985, Aerial photographs 
Edition: one 
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Geo spatial_ Data_ Presentation_ Farm: map 
Publication Information: 
Publication_Place: Aerial Data Reduction Associates, Inc., 
Pannsauken, N.J. 08100 
Publisher: Aerial Data Reduction Associates, Inc. 
Other Citation Details: - -
Online_Linkage: NIA 
Source Scale Denominator: 1: 10000 - -
Type_of_Source_Media: aerial photographs 
Source Time Period of Content: - -
Time Period Information: - -
Range_ of_ Dates/Times: 
Beginning_Date: 19850322 
Ending_Date: 19850322 
Source Citation Abbreviation: Potter 1985 - - -
Source_Contribution: Used to digitize the 1985 shoreline 
position. 
Source_ Citation: 1985 Aerial photograph, 145-85 20-2027 
Citation Information: 
Originator: Aerial Data Reduction Associates, Inc. 
Publication Date: 19850322 
Title: Potter_1985, Aerial photographs 
Edition: one 
Geo spatial_ Data_ Presentation_ Farm: map 
Publication Information: 
Publication_Place: Aerial Data Reduction Associates, Inc., 
Pannsauken,N.J. 08100 
Publisher: Aerial Data Reduction Associates, Inc. 
Other Citation Details: - -
Online_ Linkage: N/ A 
Source Scale Denominator: 1 : 10000 - -
Type_ of_ Source_ Media: aerial photographs 
Source Time Period of Content: - -
Time Period Information: - -
Range_ of_ Dates/Times: 
Beginning_Date: 19850322 
Ending_Date: 19850322 
Source Citation Abbreviation: Galilee 1985 - - -
Source_ Contribution: Used to digitize the 1985 shoreline 
position. 
Source_Citation: 1985 Aerial photograph, 145-85 21-1852 
Citation Information: 
Originator: Aerial Data Reduction Associates, Inc. 
Publication Date: 19850322 
Title: Galilee_l985, Aerial photographs 
Edition: one 
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Geo spatial_ Data_ Presentation_ Form: map 
Publication fuformation: 
Publication _Place: Aerial Data Reduction Associates, fuc., 
Pannsauken, N.J. 08100 
Publisher: Aerial Data Reduction Associates, fuc. 
Other Citation Details: - -
Online_ Linkage: NI A 
Source Scale Denominator: 1 : 10000 - -
Type_ of_ Source_ Media: aerial photographs 
Source Time Period of Content: - -
Time Period fuformation: - -
Range_ of_ Dates/Times: 
Beginning_ Date: 19850322 
Ending_Date: 19850322 
Source_ Citation_ Abbreviation: PointJudy _ 1985 
Source_ Contribution: Used to digitize 1985 shoreline 
position 
Source_ Citation: 1985 Aerial photograph, 145-85 22-2255 
Citation_ fuformation: Aerial Data Reduction Associates, 
fuc. 
Publication Date: 19850322 
Title: PointJudy_1985, Aerial photographs 
Edition: one 
Geo spatial_ Data _Presentation_ Form: map 
Publication_ fuformation: Aerial Data Reduction Associates, 
fuc., Pannsauken, 
N.J. 08100 
Publisher: Aerial Data Reduction Associates, fuc. 
Other Citation Details: NI A - -
Source Scale Denominator: 1: 10000 - -
Type_ of_ Source_ Media: aerial photographs 




This map was created from 1985 aerial photographs that were 
scanned and georegistered in Mapfufo to 1995 
orthophotographs. The 1985 shoreline was digitized from the 
HWL on these photographs. The total change in area from 
1985-1995 was measured between transects and divided by 
the distance between the transect to determine an average linear 
rate of change for each segment. These numbers were to the 
total change from 1939-1985 to determine the fifty-six year change in· 
shoreline position. 
Source_ Used_ Citation_ Abbreviation: aerial photographs 
Process Date: 20011028 
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Source_ Produced_ Citation_ Abbreviation: 
Process Contact: 
Contact Information: 
Contact_ Person_ Primary: 
Contact_ Organization: Rhode Island Geological Survey, Dept. of 
Geosciences URI 
Contact_Person: Jon C. Boothroyd 
Contact_Position: State Geologist 
Contact Address: 
Address_ Type: mailing and physical address 
Address: Dept. of Geosciences, University of 
Rhode Island, 317 Woodward Hall, 9 East Alumni Ave. 
City: Kingston 
State or Province: Rhode Island 
Postal Code: 02881 
Country: USA 
Contact_ Voice_Telephone: (401)874-2191 
Contact_ Facsimile_ Telephone: ( 401)87 4-2190 
Contact_ Electronic_ Mail_ Address: j on_ boothroyd@uri.edu 
Hours_of_Service: Monday- Friday 8:00am - 4:00pm 
SPATIAL DATA ORGANIZATION INFORMATION - - -
Direct_ Spatial_ Reference_ Method: Vector 
Point_ and_ Vector_ Object_ Information: 
SDTS _ Terms _Description: 
SDTS_Point_and_ Vector_Object_Type: Complete Chain 
Point_ and_ Vector_ Object_ Count: 83 
SPATIAL REFERENCE INFORMATION - -
Horizontal_ Coordinate_ System_ Definition: 
Planar: 
Grid_ Coordinate_ System: 
Grid_ Coordinate_ System_ Name: State Plane Coordinate 
System 1983 
State _Plane_ Coordinate_ System: 
SPCS Zone Identifier: Rhode Island - -
Transverse Mercator: 
Scale Factor at Central Meridian: 0.999994 - - - -
Longitude_ of_ Central_ Meridian: -71. 5 00000 
Latitude_ of _Projection_ Origin: 41.083333 
False_ Easting: 100000.000000 
False_Northing: 0.000000 
Planar Coordinate Information: - -





Planar Distance Units: - -
Geodetic Model: 
Horizontal Datum Name: North American Datum of 1983 - -
Ellipsoid_Name: Clarke 1866 
Semi-major_ Axis: 637813 7 .0000000 
Denominator_of_Flattening_Ratio: 298.26 
ENTITY AND ATTRIBUTE INFORMATION - - -
Overview_ Description: 
Entity_ and _Attribute_ Overview: 
Attributes were assigned based on the time span between 
photographs 
Entity_ and_ Attribute_ Detail_ Citation : 




Contact_ Organization _Primary: 
Contact_ Organization: Rhode Island Geological Survey, Dept. of 
Geosciences URI 
Contact_Person: Jon C. Boothroyd 
Contact_Position: State Geologist 
Contact Address: 
Address_ Type: mailing and physical address 
Address: Dept. of Geosciences, University of Rhode Island, 
31 7 Woodward Hall, 9 East Alumni Ave. 
City: Kingston 
State or Province: Rhode Island 
Postal Code: 02881 
Country: USA 
Contact_ Voice_Telephone: (401)874-2191 
Contact_ Facsimile_ Telephone: ( 401)874-2190 
Contact_ Electronic_ Mail_ Address: jon _ boothroyd@uri.edu 
Hours_of_Service: Monday- Friday 8:00am - 4:00pm 
Resource_ Description: 
Aerial photographs from 1939-1995 were obtained through the 
University of Rhode Island, Department of Geosciences. 
Aerial photographs from 1999 were obtained from the 
Coastal Resources Management Council 
Distribution_ Liability: 
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This map was produced to identify historical shoreline 
trend rates along the south shore of Rhode Island. The 
originators of this map are not liable for use of this 
outside the original project. 
METADATA REFERENCE INFORMATION - -
Metadata Date: 20011028 
Metadata Review Date: 20011028 - -
Metadata Contact: 
Contact Information: 
Contact_ Organization _Primary: 
Contact_ Organization: Rhode Island Geological Survey, Dept. of 
Geosciences URI 
Contact_Person: Jon C. Boothroyd 
Contact_Position: State Geologist 
Contact Address: 
Address_ Type: Mailing and physical address 
Address: Dept. of Geosciences, University of Rhode Island, 317 
Woodward Hall, 9 East Alumni Ave. 
City: Kingston 
State or Province: Rhode Island 
Postal Code: 02881 
Country: USA 
Contact_ Voice_Telephone: (401)874-2191 
Contact_Facsimile_Telephone: (401)874-2190 
Contact_ Electronic_ Mail_ Address: jon _ boothroyd@uri.edu 
Hours_of_Service: Monday- Friday 8:00am - 4:00pm 
Metadata Standard Name: FGDC CSDGM - -
Metadata Standard Version: FGDC-STD-001-1998 - -
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Originator: J.C. Boothroyd 
Originator: S .A. O'Connor 
Publication Date: 20011025 
Title: South Shore Rhode Island: 1995 Shoreline Position 
Edition: one 
Geo spatial_ Data_ Presentation_ Form: Map 
Publication Information: 
Publication _Place: Department of Geosciences, University of 
Rhode Island 
Publisher: Rhode Island Geological Survey, Dept. of 
Geosciences URI 
Other Citation Details: - -
Online_ Linkage: 
Larger_ Work_ Citation: 
Citation Information: 
Originator: J.C. Boothroyd; S.A. O'Connor 
Publication Date: 20011025 
Title: Historical Shoreline Change 
Publication Information: 
Publication _Place: Department of Geosciences, University 
of Rhode Island 





The Rhode Island Geological Survey created this map as part 
of a long-term project to identify historical shoreline change 
rates along the south shore. The 1985 shoreline position 
was used in combination with shoreline positions from 
1939-1999, derived from vertical aerial photography, to 
determine shoreline change over a sixty-year period and on 
shorter time scales from six to twelve years 
Purpose: 
This map was constructed as part of a study focusing in 
long-term shoreline changes along the south shore of 
Rhode Island. 
Supplemental_ Information: 
Time Period of Content: 
Time Period Information: - -
Range_ of_ Dates/Times: 
Beginning_Date: 19390516 
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Ending_ Date: 19990605 
Currentness_ Reference: 19390516-19990605 
Status: 
Progress: Complete 
Maintenance_ and_ Update_ Frequency: Continually 
Spatial_ Domain: 
Bounding_ Coordinates: 
West_ Bounding_ Coordinate: 22963 7 .5408 
East_ Bounding_ Coordinate: 331304.4 784 
North_ Bounding_ Coordinate: 106990.8357 
South_ Bounding_ Coordinate: 80520. 0051 
Keywords: 
Theme: 
Theme_ Keyword_ Thesaurus: None 
Theme_ Keyword: shoreline 
Theme_ Keyword: coastal 
Theme_ Keyword: erosion 
Theme_ Keyword: deposition 
Theme_ Keyword: long-term 
Theme_ Keyword: rates 
Theme_ Keyword: trends 
Place: 
Place_ Keyword_ Thesaurus: None 
Place_ Keyword: south shore 
Place_ Keyword: Washington County 
Place_Keyword: Rhode Island 
Place_Keyword: New England 
Access Constraints: 
designated in RIGIS license agreement 
Use Constraints: 
designated in RIGIS license agreement 
Point of Contact: 
Contact Information: 
Contact_ Organization_ Primary: 
Contact_ Organization: Rhode Island Geological Survey, Dept. of 
Geosciences URI 
Contact_Person: Jon C. Boothroyd 
Contact_Position: State Geologist 
Contact Address: 
Address_ Type: mailing and physical address 
Address: Dept. of Geosciences, University of Rhode Island, 
317 Woodward Hall, 9 East Alumni Ave. 
City: Kingston 
State or Province: Rhode Island 




Contact_ Voice_Telephone: (401)874-2191 
Contact_Facsimile_Telephone: (401)874-2190 
Contact_ Electronic_ Mail_ Address: jon _ boothroyd@uri.edu 
Hours_of_Service: Monday- Friday 8:00am - 4:00pm 
Native_ Data_ Set_ Environment: 
Arc View version 3.2 shapefile format 
c:\1 - projects\shoreline mapping\final 1999 oct\shoreline 
positions\shore 1995\sshore95 _polyline.shp 
DATA_QUALITY_INFORMATION 
Attribute_ Accuracy: 
Attribute_ Accuracy_ Report: 
Attributes were checked multiple times by two people. 
Attributes were assigned based on aerial photographs. The 
photographs were registered in Maplnfo to the 1995 
orthophotographs from RIGIS. Fifteen registration points 
were used, each point on the image was located with a 
zero x,y coordinate pixel error. 
Logical_ Consistency_ Report: 
Multiple aerial photographs were examined for each 
location. The best photographs were selected and 
registered in Maplnfo to the 1995 orthophotographs 
from RIGIS. This map is derived from measurements 
made on aerial photographs obtained approximately 
every six to twelve years. 
Completeness_ Report: 
Positional_ Accuracy: 
Horizontal_ Positional_ Accuracy: 
Horizontal_ Positional_ Accuracy _Report: 
This map was created from aerial photographs. The 
photographs were georegistered in Maplnfo to 1995 
orthophotographs, with a zero x,y pixel error. The 
1985 shoreline position was digitized from these 
photographs. The map was created following National 
Map Accuracy standards. 
Vertical_Positional_Accuracy: 













Geo spatial_ Data_ Presentation_ Form: map 
Publication Information: 
Publication_Place: USDA/NRSC and USGS Menlo Park CA 
Publisher: USGS 
Other Citation Details: - -
Online_Linkage: http://ortho.edc.uri.edu 
Larger_ Work_ Citation: 
Citation Information: 
Originator: All processes were completed or controlled by 
USGS, Source CD's were produced by USGS/NRCS 
Publication Date: 199709 
Title: statewide Rhode Island orthophoto image 
Publication Information: 
Publication Place: USDA/NRSC and USGS Menlo Park CA 
Publisher: USGS 
Online_Linkage: NIA 
Source Scale Denominator: 1: 12000 - -
Type_ of_ Source_ Media: orthophoto 
Source Time Period of Content: - -
Time Period Information: - -
Range_ of_Dates/Times: 
Beginning_ Date: 19950329 
Ending_Date: 19950329 
Source_ Currentness_ Reference: 1995 orthophotographs 
Process_ Step: 
Process_ Description: 
This map was created from 1995 orthophotographs. The 1995 
HWL was digitized off of these photographs. Shoreline 
change measurements are made between transects. The total 
change in area from 1985-1995 was measured between transects 
and divided by the distance between transects to determine 
the average linear displacements for each segment. This 
number was added to the total change from 1939-1985 
Source_ Used_ Citation_ Abbreviation: aerial photographs 
Process Date: 20011028 
Source Produced Citation Abbreviation: - - -
Process Contact: 
Contact Information: 
Contact_ Person_ Primary: 
Contact_ Organization: Rhode Island Geological Survey, Dept. of 
Geosciences URI 
Contact_Person: Jon C. Boothroyd 




Address_ Type: mailing and physical address 
Address: Dept. of Geosciences, University of Rhode 
Island, 31 7 Woodward Hall, 9 East Alumni Ave. 
City: Kingston 
State or Province: Rhode Island 
Postal Code: 02881 
Country: USA 
Contact_ Voice_Telephone: (401)874-2191 
Contact_Facsimile_Telephone: (401)874-2190 
Contact_ Electronic_ Mail_ Address: jon _ boothroyd@uri.edu 
Hours_of_Service: Monday- Friday 8:00am - 4:00pm 
SPATIAL DATA ORGANIZATION INFORMATION - - -
Direct_ Spatial_Reference _ Method: Vector 
Point_ and_ Vector_ Object_ Information: 
SDTS _Terms_ Description: 
SDTS _Point_ and_ Vector_ Object_ Type: Complete Chain 
Point_ and_ Vector_ Object_ Count: 13 
SPATIAL REFERENCE INFORMATION - -
Horizontal_ Coordinate_ System_ Definition: 
Planar: 
Grid_ Coordinate_ System: 
Grid_ Coordinate_ System_ Name: State Plane Coordinate 
System 1983 
State _Plane_ Coordinate_ System: 
SPCS Zone Identifier: Rhode Island - -
Transverse Mercator: 
Scale Factor at Central Meridian: 0.999994 - - - -
Longitude_of_ Central_Meridian: -71.500000 
Latitude_of_Projection_ Origin: 41.083333 
False_Easting: 100000.000000 
False_Northing: 0.000000 
Planar Coordinate Information: - -




Planar Distance Units: - -
Geodetic Model: 
Horizontal Datum Name: North American Datum of 1983 - -
Ellipsoid_Name: Clarke 1866 
Semi-major_Axis: 6378137.0000000 
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Denominator_ of_ Flattening_ Ratio: 298.26 
ENTITY _AND _ATTRIBUTE_INFORMATION 
Overview_ Description: 
Entity_ and_ Attribute_ Overview: 
attributes were assigned based on the time span between 
photographs 
Entity_ and_ Attribute _Detail_ Citation: 




Contact_ Organization_ Primary: 
Contact_ Organization: Rhode Island Geological Survey, Dept. of 
Geosciences URI 
Contact_Person: Jon C. Boothroyd 
Contact_Position: State Geologist 
Contact Address: 
Address_ Type: mailing and physical address 
Address: Dept. of Geosciences, University of Rhode Island, 
31 7 Woodward Hall, 9 East Alumni Ave. 
City: Kingston 
State or Province: Rhode Island 
Postal Code: 02881 
Country: USA 
Contact_ Voice_Telephone: (401)874-2191 
Contact_Facsimile_Telephone: (401)874-2190 
Contact_Electronic_Mail_Address: jon_boothroyd@uri.edu 
Hours_of_Service: Monday- Friday 8:00am - 4:00pm 
Resource_ Description: 
Aerial photographs from 1939-1995 were obtained through the 
University of Rhode Island, Department of Geo sciences. 
Aerial photographs from 1999 were obtained from the 
Coastal Resources Management Council 
Distribution_ Liability: 
This map was produced to identify historical shoreline 
trend rates along the south shore of Rhode Island. The 
originators of this map are not liable for use of this 
outside the original project. 
METADATA REFERENCE INFORMATION - -





Contact_ Organization_ Primary: 
Contact_ Organization: Rhode Island Geological Survey, Dept. of 
Geosciences URI 
Contact_Person: Jon C. Boothroyd 
Contact_Position: State Geologist 
Contact Address: 
Address_ Type: Mailing and physical address 
Address: Dept. of Geosciences, University of Rhode Island, 317 
Woodward Hall, 9 East Alumni Ave. 
City: Kingston 
State or Province: Rhode Island 
Postal Code: 02881 
Country: USA 
Contact_ Voice_Telephone: (401)874-2191 
Contact_Facsimile_Telephone: (401)874-2190 
Contact_ Electronic_ Mail_ Address: jon _ boothroyd@uri.edu 
Hours_of_Service: Monday- Friday 8:00am - 4:00pm 
Metadata Standard Name: FGDC CSDGM - -
Metadata Standard Version: FGDC-STD-001-1998 - -
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Originator: J.C. Boothroyd 
Originator: S.A. O'Connor 
Publication _Date: 20011025 
Title: South Shore Rhode Island 1999 Shoreline position 
Edition: one 
Geospatial_ Data_ Presentation _Form: Map 
Publication Information: 
Publication_ Place: Department of Geosciences, University of 
Rhode Island 
Publisher: Rhode Island Geological Survey, Dept. of 
Geosciences URI 
Other Citation Details: - -
This map shows the 1999 shoreline position. The 1999 
shoreline position was used as part of a larger study to 
identify historical shoreline change from 193 9-1999 
Online_ Linkage: 
Larger_ Work_ Citation: 
Citation Information: 
Originator: J.C. Boothroyd; S.A. O'Connor 
Publication Date: 20011025 
Title: Historical Shoreline Change 
Publication Information: 
Publication_ Place: Department of Geo sciences, University 
of Rhode Island 





The Rhode Island Geological Survey created this map as part 
of a long-term project to identify historical shoreline change 
rates along the south shore. The 1999 shoreline position 
was used in combination with shoreline positions from 
1939-1995, derived from vertical aerial photography, to 
determine shoreline change over a sixty-year period and on 
shorter time scales from six to twelve years. 
Purpose: 
This map was constructed as part of an ongoing study 
focused on long-term shoreline changes along the south shore 
of Rhode Island 
Supplemental_ Information: 
Time Period of Content: 
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Time Period Information: - -
Range_ of_ Dates/Times: 
Beginning_Date: 19390516 
Ending_ Date: 19990605 
Currentness Reference: 193901516-19990605 
Status: 
Progress: Complete 
Maintenance_ and_ Update_ Frequency: Continually 
Spatial_ Domain: 
Bounding_ Coordinates: 
West_Bounding_ Coordinate: 229644.2256 
East_Bounding_Coordinate: 331251.6767 
North_Bounding_Coordinate: 106974.6581 
South_ Bounding_ Coordinate: 80468.3222 
Keywords:_ 
Theme: 
Theme_ Keyword_ Thesaurus: None 
Theme_ Keyword: shoreline 
Theme_ Keyword: coastal 
Theme_ Keyword: erosion 
Theme_ Keyword: deposition 
Theme_ Keyword: long-term 
Theme_ Keyword: rates 
Theme_ Keyword: trends 
Place: 
Place_Keyword_Thesaurus: None 
Place_ Keyword: south shore 
Place_ Keyword: Washington County 
Place_ Keyword: Rhode Island 
Place_Keyword: New England 
Access Constraints: 
designated in RIGIS license agreement 
Use Constraints: 
designated in RIGIS license agreement 
Point of Contact: 
Contact Information: 
Contact_ Organization_ Primary: 
Contact_ Organization: Rhode Island Geological Survey, Dept. of 
Geosciences URI 
Contact_Person: Jon C. Boothroyd 
Contact_Position: State Geologist 
Contact Address: 
Address_ Type: mailing and physical address 
Address: Dept. of Geosciences, University of Rhode Island, 
317 Woodward Hall, 9 East Alumni Ave. 
City: Kingston 
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State_or_Province: Rhode Island 
Postal Code: 02881 
Country: USA 
Contact_ Voice_Telephone: (401)874-2191 
Contact_Facsimile_Telephone: (401)874-2190 
Contact_ Electronic_ Mail_ Address: jon _ boothroyd@uri.edu 
Hours_of_Service: Monday- Friday 8:00am - 4:00pm 
Native Data Set Environment: - - -
Arc View version 3.2 shapefile format 
c:\1 - projects\shoreline mapping\final 1999 oct\shoreline 
positions\shore 1999\sshore99 _polyline.shp 
DATA_ QUALITY _INFORMATION 
Attribute_ Accuracy: 
Attribute_ Accuracy_ Report: 
Two people checked attributes multiple time. 
Attributes were assigned based on measurements made on 
aerial photographs. These photographs were registered in 
Maplnfo to the 1995 orthophotographs from RIGIS. Fifteen 
registration points were used, each point on the image was 
located with a zero x,y coordinate pixel error 
Logical_ Consistency_ Report: 
Multiple aerial photographs were examined for each 
location. The best ones were selected and registered in Maplnfo 
to the 1995 orthophotographs from RIGIS. This map is derived 
from measurements made on aerial photographs obtained approximately 
every six to twelve years. 
Positional_ Accuracy: 
Horizontal_ Positional_ Accuracy: 
Horizontal_ Positional_ Accuracy_ Report: 
This map was created from aerial photographs that were 
georegistered in Maplnfo to the 1995 orthophotogrpahs with 
a zero x,y pixel error. The 1999 shoreline position was 
digitized from these photographs. The map was created 
following National Map Accuracy Standards. 
Vertical_ Positional_ Accuracy: 






Originator: All processes were completed or controlled by 
USGS, Sources 




Geo spatial_ Data_ Presentation_ Form: map 
Publication Information: 
Publication Place: USDA/NRSC and USGS Menlo Park CA 
Publisher: USGS 
Other Citation Details: - -
Online_Linkage: http://ortho.edc.uri.edu 
Larger_ Work_ Citation: 
Citation Information: 
Originator: All processes were completed or controlled by 
USGS, Source CD's were produced by USGS/NRCS 
Publication Date: 199709 
Title: statewide Rhode Island orthophoto image 
Publication Information: 
Publication Place: USDA/NRSC and USGS Menlo Park CA 
Publisher: USGS 
Online_Linkage: NIA 
Source Scale Denominator: 1: 12000 - -
Type_ of_ Source_ Media: orthophoto 
Source Time Period of Content: - -
Time Period Information: - -
Range_ of_ Dates/Times: 
Beginning_ Date: 19950329 
Ending_ Date: 19950329 
Source_ Currentness_ Reference: 1995 orthophotographs 
Source Citation Abbreviation: Watch Hill 1999 300 - - - - -
Source_ Contribution: Used to digitize 1999 Shoreline 
Position 
Source_ Citation: 1999 Aerial photograph 13430-1-8 
Citation Information: James W. Sewall Co 
Publication Date: 19990605 
Title: Watch Hill 1999 300 - - -
Edition: one 
Geo spatial_ Data_ Presentation_ Form: map 
Publication_Information: James W. Sewall Co., Old Town, 
Maine, 04468 
Publisher: James W. Sewall Co. 
Other Citation Details: N/ A - -
Source Scale Denominator: 1: 12000 - -
Type_ of_ Source_ Media: aerial photographs 
Source Time Period of Content: 19990605 - - - -
Eriding_ Date: 19990605 
Source_ Citation_ Abbreviation: Mashchaug_ 1999 _ 300 
Source_ Contribution: Used to digitize 1999 Shoreline 
Position 
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Source_Citation: 1999 Aerial photograph 13430-1-10 
Citation Information: James W. Sewall Co 
Publication Date: 19990605 
Title: Mashchaug_1999 _300 
Edition: one 
Geo spatial_ Data_ Presentation_ Form: map 
Publication_ Information: James W. Sewall Co., Old Town, 
Maine, 04468 
Publisher: James W. Sewall Co. 
Other Citation Details: NI A - -
Source Scale Denominator: 1: 12000 - -
Type_ of_ Source_ Media: aerial photographs 
Source Time Period of Content: 19990605 - - - -
Ending_ Date: 19990605 
Source_ Citation_ Abbreviation: Misquamicut_ State_ Beach_ 1999 _ 300 
Source_ Contribution: Used to digitize 1999 Shoreline 
Position 
Source_Citation: 1999 Aerial photograph 13430-2-32 
Citation Information: James W. Sewall Co 
Publication Date: 19990605 
Title: Misquamicut_State_Beach_1999 _300 
Edition: one 
Geospatial_ Data _Presentation _Form: map 
Publication_lnformation: James W. Sewall Co., Old Town, 
Maine, 04468 
Publisher: James W. Sewall Co. 
Other Citation Details: NIA - -
Source Scale Denominator: 1: 12000 - -
Type_ of_ Source_ Media: aerial photographs 
Source Time Period of Content: 19990605 - - - -
Ending_ Date: 19990605 
Source_ Citation_ Abbreviation: Misquamicut_ Barrier_ 2 _ 1999 _ 300 
Source_ Contribution: Used to digitize 1999 Shoreline 
Position 
Source_ Citation: 1999 Aerial photograph 13430-1-14 
Citation Information: James W. Sewall Co 
Publication Date: 19990605 
Title: Misquamicut_State_Beach_1999 _300· 
Edition: one 
Geo spatial_ Data_ Presentation_ Form: map 
Publication_Information: James W. Sewall Co., Old Town, 
Maine, 04468 
Publisher: James W. Sewall Co. 
Other Citation Details: NI A - -
Source Scale Denominator: 1 : 12000 - -
Type_ of_ Source_ Media: aerial photographs 
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Source Time Period of Content: 19990605 - - - -
Ending_ Date: 19990605 
Source_ Citation_ Abbreviation: Weekapaug_ Headland_ 1999 _ 300 
Source_Contribution: Used to digitize 1999 Shoreline 
Position 
Source_ Citation: 1999 Aerial photograph 13430-1-15 
Citation Information: James W. Sewall Co 
Publication Date: 19990605 
Title: Weekapaug_ Headland_ 1999 _ 300 
Edition: one 
Geo spatial_ Data_ Presentation_ Form: map 
Publication_lnformation: James W. Sewall Co., Old Town, 
Maine, 04468 
Publisher: James W. Sewall Co. 
Other Citation Details: N/ A - -
Source Scale Denominator: 1: 12000 - -
Type_of_Source_Media: aerial photographs 
Source Time Period of Content: 19990605 - - - -
Ending_ Date: 19990605 
Source_ Citation_ Abbreviation: Quonnie _Headland_ 1999 _ 300 
Source_ Contribution: Used to digitize 1999 Shoreline 
Position 
Source_ Citation: 1999 Aerial photograph 13430-1-20 
Citation Information: James W. Sewall Co 
Publication Date: 19990605 
Title: Quonnie _Headland_ 1999 _ 300 
Edition: one 
Geo spatial_ Data_ Presentation_ Form: map 
Publication_lnformation: James W. Sewall Co., Old Town, 
Maine, 04468 
Publisher: James W. Sewall Co. 
Other Citation Details: N/ A - -
Source Scale Denominator: 1 : 12000 - -
Type_of_Source_Media: aerial photographs 
Source Time Period of Content: 19990605 - - - -
Ending_ Date: 19990605 
Source_ Citation_ Abbreviation: Quonnie _Beach_ 1 _ 1999 _ 300 
Source_ Contribution: Used to digitize 1999 Shoreline 
Position 
Source_ Citation: 1999 Aerial photograph 13430-1-16 
Citation Information: James W. Sewall Co 
Publication Date: 19990605 
Title: Quonnie _Beach_ 1 _ 1999 _300 
Edition: one 
Geospatial_Data_Presentation_Form: map 
Publication_Information: James W. Sewall Co., Old Town, 
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Maine, 04468 
Publisher: James W. Sewall Co. 
Other Citation Details: NI A - -
Source Scale Denominator: 1: 12000 - -
Type_ of_ Source_ Media: aerial photographs 
Source Time Period of Content: 19990605 - - - -
Ending_ Date: 19990605 
Source_ Citation_ Abbreviation: Quonnie _Tidal_ Delta_ 1999 _ 300 
Source_ Contribution: Used to digitize 1999 Shoreline 
Position 
Source_ Citation: 1999 Aerial photograph 13430-1-18 
Citation Information: James W. Sewall Co 
Publication Date: 19990605 
Title: Quonnie_Tidal_Delta_1999 _300 
Edition: one 
Geospatial_ Data _Presentation_Form: map 
Publication_Information: James W. Sewall Co., Old Town, 
Maine, 04468 
Publisher: James W. Sewall Co. 
Other Citation Details: NI A - -
Source Scale Denominator: 1: 12000 - -
Type_ of_ Source_ Media: aerial photographs 
Source Time Period of Content: 19990605 - - - -
Ending_ Date: 19990605 
Source_ Citation_ Abbreviation: Ninigret_ w _ 1999 _ 300 
Source_ Contribution: Used to digitize 1999 Shoreline 
Position 
Source_ Citation: 1999 Aerial photograph 13430-2-23 
Citation Information: James W. Sewall Co 
Publication Date: 19990605 
Title: Ninigret_ w _1999 _300 
Edition: one 
Geospatial_ Data _Presentation _Form: map 
Publication_lnformation: James W. Sewall Co., Old Town, 
Maine, 04468 
Publisher: James W. Sewall Co. 
Other Citation Details: NIA - -
Source Scale Denominator: 1 : 12000 - -
Type_ of_ Source_ Media: aerial photographs 
Source Time Period of Content: 19990605 - - - -
Ending_ Date: 19990605 
Source_Citation_Abbreviation: East_Beach_1_1999 _300 
Source_ Contribution: Used to digitize 1999 Shoreline 
Position 
Source_ Citation: 1999 Aerial photograph 13430-2-22 
Citation Information: James W. Sewall Co 
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Publication Date: 19990605 
Title: East Beach 1 1999 300 - -
Edition: one 
Geospatial_ Data _Presentation _Form: map 
Publication_Information: James W. Sewall Co., Old Town, 
Maine, 04468 
Publisher: James W. Sewall Co. 
Other Citation Details: NI A - -
Source Scale Denominator: 1: 12000 - -
Type_ of_ Source_ Media: aerial photographs 
Source Time Period of Content: 19990605 - - - -
Ending_ Date: 19990605 
Source Citation Abbreviation: East Beach 2 1999 300 - - - -
Source_ Contribution: Used to digitize 1999 Shoreline 
Position 
Source_ Citation: 1999 Aerial photograph 13430-2-20 
Citation Information: James W. Sewall Co 
Publication Date: 19990605 
Title: East Beach 2 1999 300 - -
Edition: one 
Geospatial_ Data_ Presentation_ Form: map 
Publication_Information: James W. Sewall Co., Old Town, 
Maine, 04468 
Publisher: James W. Sewall Co. 
Other Citation Details: NI A - -
Source Scale Denominator: 1: 12000 - -
Type_ of_ Source_ Media: aerial photographs 
Source_ Time _Period_ of_ Content: 19990605 
Ending_Date: 19990605 
Source_ Citation_ Abbreviation: Charlestown_ Beach_ 1999 300 
Source_ Contribution: Used to digitize 1999 Shoreline 
Position 
Source_ Citation: 1999 Aerial photograph 13430-2-25 
Citation Information: James W. Sewall Co 
Publication Date: 19990605 
Title: Charlestown Beach 1999 300 - - -
Edition: one 
Geo spatial_ Data_ Presentation _Form: map 
Publication_lnformation: James W. Sewall Co., Old Town, 
Maine, 04468 
Publisher: James W. Sewall Co. 
Other Citation Details: NIA - -
Source Scale Denominator: 1: 12000 - -
Type_of_Source_Media: aerial photographs 
Source Time Period of Content: 19990605 - - - -
Ending_ Date: 19990605 
217 
Source_ Citation_ Abbreviation: Green_ Hill_ Headland_ 1999 _300 
Source_ Contribution: Used to digitize 1999 Shoreline 
Position 
Source_Citation: 1999 Aerial photograph 13430-2-27 
Citation Information: James W. Sewall Co 
Publication Date: 19990605 
Title: Green Hill Headland 1999 300 - - - -
Edition: one 
Geo spatial_ Data_ Presentation_ Form: map 
Publication_Information: James W. Sewall Co., Old Town, 
Maine, 04468 
Publisher: James W. Sewall Co. 
Other Citation Details: N/ A - -
Source Scale Denominator: 1: 12000 - -
Type_of_Source_Media: aerial photographs 
Source Time Period of Content: 19990605 - - - -
Ending_ Date: 19990605 
Source Citation Abbreviation: Trustom 1999 300 - - - -
Source_ Contribution: Used to digitize 1999 Shoreline 
Position 
Source_ Citation: 1999 Aerial photograph 13430-2-28 
Citation Information: James W. Sewall Co 
Publication Date: 19990605 
Title: Trustom 1999 300 - -
Edition: one 
Geo spatial_ Data_ Presentation_ Form: map 
Publication_Information: James W. Sewall Co., Old Town, 
Maine, 04468 
Publisher: James W. Sewall Co. 
Other Citation Details: NIA - -
Source Scale Denominator: 1: 12000 - -
Type_of_Source_Media: aerial photographs 
Source Time Period of Content: 19990605 - - - -
Ending_ Date: 19990605 
Source Citation Abbreviation: Cards 1999 300 - - - -
Source_ Contribution: Used to digitize 1999 Shoreline 
Position 
Source_ Citation: 1999 Aerial photograph 13430-2-30 
Citation Information: James W. Sewall Co 
Publication Date: 19990605 
Title: Cards 1999 300 - -
Edition: one 
Geo spatial_ Data_ Presentation_ Form: map 
Publication_Information: James W. Sewall Co., Old Town, 
Maine, 04468 
Publisher: James W. Sewall Co. 
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Other Citation Details: NI A - -
Source Scale Denominator: 1 : 12000 - -
Type_ of_ Source_ Media: aerial photographs 
Source Time Period of Content: 19990605 - - - -
Ending_ Date: 19990605 
Source Citation Abbreviation: Matunuck Headland 1999 300 - - - -
Source_ Contribution: Used to digitize 1999 Shoreline 
Position 
Source_ Citation: 1999 Aerial photograph 13430-2-32 
Citation Information: James W. Sewall Co 
Publication Date: 19990605 
Title: Matunuck Headland 1999 300 - - -
Edition: one 
Geospatial_Data_Presentation_Form: map 
Publication_Information: James W. Sewall Co., Old Town, 
Maine, 04468 
Publisher: James W. Sewall Co. 
Other Citation Details: NI A - -
Source Scale Denominator: 1 : 12000 - -
Type_of_Source_Media: aerial photographs 
Source Time Period of Content: 19990605 - - - -
Ending_ Date: 19990605 
Source Citation Abbreviation: Galilee 1999 300 - - - -
Source_Contribution: Used to digitize 1999 Shoreline 
Position 
Source_ Citation: 1999 Aerial photograph 13430-2-34 
Citation Information: James W. Sewall Co 
Publication Date: 19990605 
Title: Galilee 1999 300 - -
Edition: one 
Geo spatial_ Data_ Presentation_ Form: map 
Publication_lnformation: James W. Sewall Co., Old Town, 
Maine, 04468 
Publisher: James W. Sewall Co. 
Other Citation Details: NIA - -
Source Scale Denominator: 1: 12000 - -
Type_of_Source_Media: aerial photographs 
Source Time Period of Content: 19990605 - - - -
Ending_ Date: 19990605 
Source Citation Abbreviation: Pt Judith 1999 300 - - - - -
Source_ Contribution: Used to digitize 1999 Shoreline 
Position 
Source_ Citation: 1999 Aerial photograph 13430-1-36 
Citation Information: James W. Sewall Co 
Publication Date: 19990605 
Title: Pt Judith 1999 300 - - -
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Edition: one 
Geo spatial_ Data_ Presentation_ Form: map 
Publication_Information: James W. Sewall Co., Old Town, 
Maine, 04468 
Publisher: James W. Sewall Co. 
Other Citation Details: NI A - -
Source Scale Denominator: 1: 12000 - -
Type_ of_ Source_ Media: aerial photographs 
Source Time Period of Content: 19990605 - - - -
Ending_ Date: 19990605 
Process_Step: 
Process_ Description: 
This map was created from 1999 aerial photographs that 
were scanned and georegistered in Maplnfo to 1995 
orthophotographs. The 1999 HWL was digitized from these 
photographs. The total change in area from 1995-1999 was 
measured between transects and divided by the distance 
between the transects to determine an average linear rate 
of change for each segment. These measurements were added 
to the total change from identified 1939-1995 to determine 
the sixty-year change in shoreline position. 
Source_ Used_ Citation_ Abbreviation: aerial photographs 
Process Date: 20011028 




Contact_ Organization: Rhode Island Geological Survey, Dept. of 
Geosciences URI 
Contact_Person: Jon C. Boothroyd 
Contact_ Position: State Geologist 
Contact Address: 
Address_ Type: mailing and physical address 
Address: Dept. of Geosciences, University of Rhode 
Island, 317 Woodward Hall, 9 East Alumni Ave. 
City: Kingston 
State or Province: Rhode Island 
Postal Code: 02881 
Country: USA 
Contact_ Voice_Telephone: (401)874-2191 
Contact_Facsimile_Telephone: (401)874-2190 
Contact_Electronic _ Mail_ Address: jon _ boothroyd@uri.edu 
Hours_of_Service: Monday- Friday 8:00am - 4:00pm 
SPATIAL DATA ORGANIZATION INFORMATION - - -
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Direct_ Spatial_ Reference_ Method: Vector 
Point_ and_ Vector_ Object_ Information: 
SDTS _Terms_ Description: 
SDTS _ Point_ and_ Vector_ Object_ Type: Complete Chain 
Point_ and_ Vector_ Object_ Count: 53 
SPATIAL REFERENCE INFORMATION - -
Horizontal_ Coordinate _System_ Definition: 
Planar: 
Grid_ Coordinate_ System: 
Grid_ Coordinate_ System_ Name: State Plane Coordinate 
System 1983 
State _Plane_ Coordinate_ System: 
SPCS Zone Identifier: Rhode Island - -
Transverse Mercator: 





Planar Coordinate Information: - -




Planar Distance Units: - -
Geodetic Model: 
Horizontal Datum Name: North American Datum of 1983 - -
Ellipsoid_Name: Clarke 1866 
Semi-major_Axis: 6378137.0000000 
Denominator_of_Flattening_Ratio: 298.26 
ENTITY AND ATTRIBUTE INFORMATION - - -
Overview_ Description: 
Entity_ and_ Attribute_ Overview: 
Attributes were assigned based on the time span between 
photographs 
Entity_ and_ Attribute _Detail_ Citation: 





Contact_ Organization_ Primary: 
Contact_ Organization: Rhode Island Geological Survey, Dept. of 
Geosciences URI 
Contact_Person: Jon C. Boothroyd 
Contact_Position: State Geologist 
Contact Address: 
Address_ Type: mailing and physical address 
Address: Dept. of Geosciences, University of Rhode Island, 
317 Woodward Hall, 9 East Alumni Ave. 
City: Kingston 
State or Province: Rhode Island 
Postal Code: 02881 
Country: USA 
Contact_ Voice_Telephone: (401)874-2191 
Contact_Facsimile_Telephone: (401)874-2190 
Contact_ Electronic_ Mail_ Address: jon _ boothroyd@uri.edu 
Hours_of_Service: Monday- Friday 8:00am - 4:00pm 
Resource_ Description: 
Aerial photographs from 1939-1995 were obtained through the 
University of Rhode Island, Department of Geosciences. 
Aerial photographs from 1999 were obtained from the Coastal 
Resources Management Council. 
Distribution_ Liability: 
This map was produced to identify historical shoreline 
trend rates along the south shore of Rhode Island. The 
originators of this map are not liable for use of this 
outside the original project. 
METADATA REFERENCE INFORMATION - -
Metadata Date: 20011028 
Metadata Review Date: 20011028 - -
Metadata Contact: 
Contact Information: 
Contact_ Organization _Primary: 
Contact_ Organization: Rhode Island Geological Survey, Dept. of 
Geosciences URI 
Contact_Person: Jon C. Boothroyd 
Contact_Position: State Geologist 
Contact Address: 
Address_ Type: Mailing and physical address 
Address: Dept. of Geosciences, University of Rhode Island, 317 
Woodward Hall, 9 East Alumni Ave. 
City: Kingston 
State or Province: Rhode Island 
Postal Code: 02881 
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Country: USA 
Contact_ Voice_Telephone: (401)874-2191 
Contact_Facsimile_Telephone: (401)874-2190 
Contact_ Electronic_ Mail_ Address: jon _ boothroyd@uri.edu 
Hours_of_Service: Monday- Friday 8:00am - 4:00pm 
Metadata Standard Name: FGDC CSDGM - -
Metadata Standard Version: FGDC-STD-001-1998 - -
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; A routine to read Emery data from ascii files and plot two profiles 
; in a comparison format. Adapted from prof.lsp written by Joseph Klinger 
; (1993). Reads data from Excel space delimited data files. Opens file for 
; writing of volume calculations. To be used with Volwrite.lsp 
(defun C:PF () 
(Setq 11 (List -12 -40)) 
(Setq 12 (List 150 50)) 
(Command "LIMITS" 1112 "") 
(Command "ZOOM" "A") 
;*** set drawing limits and*** 
;*** zoom all ***************** 
;*** set linescale, text****** 
;*** font and turn off******** 
;*** blipmode ***************** 
(Command "LTSCALE" 4 "") 
(Command "STYLE" "new" "romans" "" "" 1111 "" "" "") 
(Command "BLIPMODE" "off' "") 
;*** axes, tics & labels ****** 
;*** draw axes and MWL line*** 
(Setq xl (List O -10)) 
(Setq x2 (List 120 -10)) 
(Setq y2 (List O 25)) 
(Setq mwll (List O 0)) 
(Setq mwl2 (List 120 0)) 
(Command "LINETYPE" "s" "dashed" "" "") 
(Command "LINE" mwll mwl2 "") 
(Command "LINETYPE" "s" "continuous" "" "") 
(Command "LINE" y2 xl x2 "") 
(Setq mlw "ML W") 
(command "TEXT" "114.8,0.23" "1.5" "0" mlw) 
;*** draw x-axis labels ******* 
(Setq txtx 0) 
(Setq txty-13.6) 
(Repeat 13 
(Setq txtcp (List txtx txty)) 
(Command "TEXT" "c" txtcp 1.5 0 txtx) 
(Setq txtx (+ txtx 10)) 
) 
(Setq xname "Meters From Datum Stake") 
(command "TEXT" "44.8,-17.3" "1.5" "0" xname) 
(Setq yname "Meters Above ML W") 
(command "TEXT" "-5.9,-0.6" "1.5" "90" yname) 
; *** draw x-axis tics *** 
(Setq xval 0) 
(Setq yl -10) 
(Setq y2 -11.3) 
(Repeat 13 
) 
(Setq ticl (List xval yl)) 
(Setq tic2 (List xval y2)) 
(Command "LINE" ticl tic2 "") 
(Setq xval (+ xval 10)) 
; *** draw y-axis labels *** 
(Setq txtx -2.8) 
(Setq txty -5) 
(Repeat 7 
(Setq txtcp (List txtx txty)) 
(Command "TEXT" "mr" txtcp 1.5 0 (/ txty 5)) 
(Setq txty (+ txty 5)) 
) 
; *** draw y-axis tics*** 
(Setq yval -10) 
(Setq xl 0) 
(Setq x2 -1.3) 
(Repeat 8 
) 
(Setq ticl (List xl yval)) 
(Setq tic2 (List x2 yval)) 
(Command "LINE" ticl tic2 "") 
(Setq yval (+ yval 5)) 
; *** draw text box *** 
(command "LINE" "79 15" "119 15" "119 28" "79 28" "79 28" "79 15" "") 
' ' ' ' ' ' (Setq profnam (Getstring "Enter profile name (6 characters): ")) 
(Setq unitsl "m") 
(Setq units2 "3") 
(Setq units3 ". ") 
(Setq units4 "m") 
(Setq units5 "-1 ") 
(Setq volchg "Volume Change") 
(command "TEXT" "80.7,25.2" "2" "0" profnam) 
(command "TEXT" "108.0,25.0" "1.5" "0" unitsl) 
(command "TEXT" "110.5,25.8" "1" "0" units2) 
(command "TEXT" "111.5,25.6" "1.5'' "0" units3) 
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(command "TEXT" "112.5,25.0" "1.5" "0" units4) 
(command "TEXT" "114.5,25.8" "1" "0" units5) 
(command "TEXT" "84.0,16.3" "1.5" "0" volchg) 
(command "circle" "82.4,22.6" "0.4") 
(SETV AR "pdmode" 65) 
(SETV AR "pdsize" 0.8) 
(command "POINT" "82.4,19.8") 
;*** prompt for filenames ***** 
;*** and open file ************ 
(Setq filel (Getfiled "Enter name of profile INPUT FILE""" "dat" 8)) 
(Setq fnamel (Open filel "r")) ;***opens ascii file for writing 
;*** "a"= append file********* 
(Setq filo (gETFILED "Enter name of volume OUTPUT FILE""" "vol" 8)) 
(Setq fnamo (open filo "a")) ;***opens ascii file for writing 




; DRAW FIRST PROFILE 
********************************************************************* 
**** 
(Setq headl (Read-Line fnamel)) 
(Setq head2 (Read-Line fnamel)) 
(Setq head3 (Read-Line fnamel)) 
;*** write date and profile *** 
;*** volume to box************ 
(Setq dt (Substr headl 61 13)) 
(command "TEXT" "84.0,22.0" "1.5" "0" dt) 
;*** draw first profile line ** 
(Setq record (Read-Line fnamel)) 
(While record 
(Setq ptl ()) 
(Setq xcoord (SubStr record 31 5)) 
(Setq ycoord (SubStr record 46 5)) 
(Setq xval (Read xcoord)) 
(Setq yval (Read ycoord)) 
) 
(Setq ptl (Cons(* yval 5) ptl)) 
(Setq ptl (Cons xval ptl)) 
(command "circle" ptl 0.4) 
(Setq record (Read-Line fnamel)) 




(Setq pt2 ()) 
(Setq xcoord (SubStr record 31 5)) 
(Setq ycoord (SubStr record 46 5)) 
(Setq xval (Read xcoord)) 
(Setq yval (Read ycoord)) 
(Setq pt2 (Cons(* yval 5) pt2)) 
(Setq pt2 (Cons xval pt2)) 
( command "LINE" ptl pt2 "") 
(command "circle" pt2 0.4) 
(Close fnamel) 
;***get 2nd file*** 
(setq file2 (Getfiled "Enter name of profile INPUT FILE""" "dat" 8)) 
(If(/= file2 nil) 





; DRAW SECOND PROFILE 
' ********************************************************************* 
***** 
(If(/= fname2 nil) 
(Progn 
(Setq headl (Read-Line fname2)) 
(Setq head2 (Read-Line fname2)) 
(Setq head3 (Read-Line fname2)) 
; *** write date and profile volume to box *** 
(Setq dt (Substr headl 61 13)) 
(command "TEXT" "84.0,19" "1.5" "0" dt) 
; *** draw second profile line *** 
(Setq record (Read-Line fname2)) 
(While record 
) 
(Setq ptl ()) 
(Setq xcoord (SubStr record 31 5)) 
(Setq ycoord (SubStr record 46 5)) 
(Setq xval (Read xcoord)) 
(Setq yval (Read ycoord)) 
(Setq ptl (Cons(* yval 5) ptl)) 
(Setq ptl (Cons xval ptl)) 
(command "POINT" ptl "") 
(Setq record (Read-Line fname2)) 




(Setq pt2 ()) 
(Setq xcoord (SubStr record 31 5)) 
(Setq ycoord (SubStr record 46 5)) 
(Setq xval (Read xcoord)) 
(Setq yval (Read ycoord)) 
(Setq pt2 (Cons (* yval 5) pt2)) 
(Setq pt2 (Cons xval pt2)) 
(command "LINE" ptl pt2 "") 
















;A routine to read Emery data from ascii files and calculate 2 profile volumes 
;in a comparison format. The routine calculates the complete profile volume 
;to ML W. The routine recognizes profiles that end above ML W and extends a 
;line from the last data point to ML W in order to calculate true volumes. The 
;angle of this line is determined by using the angle of the line defined by 
;the last three data points. For profiles that end below MLW, the program 
;calculates the volume to ML W. This avoids "negative" volumes that would be 
;calculated below ML W and subsequently added to the total volume. 
' ********************************************************************* 
******** 
(defun C:VW () 
(Setq fname 1 ( Open file 1 "r")) 
(Setq headl (Read-Line fnamel)) 
(Setq head2 (Read-Line fnamel)) 
(Setq head3 (Read-Line fnamel)) 
(Setq dt (Substr headl 61 13)) 
;*** calc vol of 1st profile** 
(setq vol 0) 
(Setq record (Read-Line fnamel)) 
(Setq a 1) 
(Setq b 1) 
(While record 
(Setq b (+ b a)) ;*** get length of file******* 
(Setq xcoord (SubStr record 31 5)) ;*** get data pts from file*** 
(Setq ycoord (SubStr record 46 5)) 
(Setq xval (Read xcoord)) 
(Setq yval (Read yco,ord)) 
(If (> 0 yval) (setq yval 0)) 
(Setq record (Read-Line fnamel)) 





(Setq xcoord2 (SubStr record 31 5)) 
(Setq ycoord2 (SubStr record 46 5)) 
(Setq xval2 (Read xcoord2)) 
(Setq yval2 (Read ycoord2)) 
;*** check for end below MLW ** 
(If (> 0 yval2) (setq yval2 0)) 
;*** volume calculations ****** 
(Setq ht(+ yval yval2)) 
(Setq ht2 (/ ht 2)) 
(Setq wt (- xval2 xval)) 
(Setq voli (* wt ht2)) 
(Setq vol(+ vol voli )) 
(If(< 0 yval2) 
(Progn 
;*** correct end above MLW **** 
;*** get first point "al" ***** 
(Setq fnamel (Open filel "r")) ;*** open file for reading**** 
(repeat b 
(Setq record (Read-Line fnamel)) 
) 
(Setq xl (SubStr record 31 5)) 
(Setq yl (SubStr record 46 5)) 
(Setq xvl (Read xl)) 
(Setq yvl (Read yl)) 
(Setq record (Read-Line fnamel)) 
(Setq x2 (SubStr record 31 5)) 
(Setq y2 (SubStr record 46 5)) 
(Setq xv2 (Read x2)) 
(Setq yv2 (Read y2)) 
(Setq record (Read-Line fnamel)) 
(Setq x3 (SubStr record 31 5)) 
(Setq y3 (SubStr record 46 5)) 
(Setq xv3 (Read x3)) 
(Setq yv3 (Read y3)) 
(Setq yd (- yv2 yvl)) 
(Setq yd (abs yd)) 
(Setq xd (- xv2 xvl)) 
(Setq sl (/ yd xd)) 
(Setq yd2 (- yv3 yv2)) 
;*** get 2nd point "a2" ******* 
;*** get 3rd point "a3"******** 
;*** get angles *************** 
;*** get sin from 1st to 2nd** 
;*** get sin from 1st to 2nd** 
232 
(Setq yd2 (abs yd2)) 
(Setq xd2 (- xv3 xv2)) 
(Setq s2 (/ yd2 xd2)) 
(Setq theta(+ sl s2)) 
(Setq theta(/ theta 2)) 
;*** average sin's************ 
(Setq xdist (/ yv3 theta)) 
(Setq cwt xdist) 
;*** add vol extension******** 
;*** add extra volume *** 
) 
) 
(Setq htf (/ yv3 2)) 
(Setq avol (* cwt htf)) 
(Setq vol(+ vol avol)) 
(Setq rvol (rtos vol 2 1)) 
(Setq vol (atof rvol)) 
(command "TEXT" "J" "BR" "114.5,21.5" "1.5" "0" rvol) 
·····(command "TEXT" "105 22" "1 5" "0" rvol) 
"'" ' • 
(Setq voll vol) 
( close fname 1) 
(Setq fname2 (Open file2 "r")) 
(Setq headl (Read-Line fname2)) 
(Setq head2 (Read-Line fname2)) 
(Setq head3 (Read-Line fname2)) 
(Setq dt (Substr headl 61 13)) 
profile** 
(setq vol 0) 
(Setq record (Read-Line fname2)) 
(Setq c 1) 
(Setq d 1) 
(While record 
(Setq d (+ d c)) 
(Setq xcoord (SubStr record 31 5)) 
(Setq ycoord (SubStr record 46 5)) 
(Setq xval (Read xcoord)) 
(Setq yval (Read ycoord)) 
(If (> 0 yval) (setq yval 0)) 
(Setq record (Read-Line fname2)) 
(If(/= record nil) 
(Progn 
(Setq xcoord2 (SubStr record 31 6)) 





(Setq ycoord2 (SubStr record 46 5)) 
(Setq xval2 (Read xcoord2)) 
(Setq yval2 (Read ycoord2)) 
;*** end below MLW ************ 
(If (> 0 yval2) (setq yval2 0)) 
(Setq ht(+ yval yval2)) ;*** volume calculations****** 
(Setq ht2 (/ ht 2)) 
(Setq wt (- xval2 xval)) 
(Setq voli (* wt ht2)) 
(Setq vol(+ vol voli )) 
(If ( < 0 yval2) 
(Progn 
;*** end above MLW ************ 
(Setq fuame2 (Open file2 "r")) • 
(repeat d 
;*** get first point "al" ***** 
(Setq record (Read-Line fuame2)) 
) 
(Setq x4 (SubStr record 31 5)) 
(Setq y4 (SubStr record 46 5)) 
(Setq xv4 (Read x4)) 
(Setq yv4 (Read y4)) 
(Setq record (Read-Line fuame2)) 
(Setq x5 (SubStr record 31 5)) 
(Setq y5 (SubStr record 46 5)) 
(Setq xv5 (Read x5)) 
(Setq yv5 (Read y5)) 
(Setq record (Read-Line fuame2)) 
(Setq x6 (SubStr record 31 5)) 
(Setq y6 (SubStr record 46 5)) 
(Setq xv6 (Read x6)) 
(Setq yv6 (Read y6)) 
(Setq yd3 (- yv5 yv4)) 
(Setq yd3 (abs yd3)) 
(Setq xd3 (- xv5 xv4)) 
(Setq s3 (/ yd3 xd2)) 
(Setq yd4 (- yv6 yv5)) 
(Setq yd4 (abs yd4)) 
;*** get 2nd point "a2" ******* 
;*** get 3rd point "a3"******** 
;*** get angles *************** 
;*** get sin from 1st to 2nd** 




(Setq xd4 (- xv6 xv5)) 
(Setq s4 (/ yd4 xd4)) 
(Setq theta2 (+ s3 s4)) 
(Setq theta2 (/ theta2 2)) 
(Setq xdis2 (/ yv6 theta2)) 
(Setq wt2 xdis2) 
(Setq ht2 (/ yv6 2)) 
(Setq avol (* wt2 ht2)) 
(Setq vol(+ vol avol)) 
(Setq rvol (rtos vol 2 1)) 
(Setq vol (atof rvol)) 
;*** average sin's************ 
;*** add vol extension ******** 
(command "TEXT" "J" "BR" "114.5,18.5" "1.5" "0" rvol) 
(Setq tab " ") 
(Setq dat2 (strcat TAB TAB dt tab rvol)) 
(write-line dat2 fnamo) 
(Setq vol2 vol) 
( close fname2) 
;*** calc vol difference ****** 
(setq vold (- vol2 voll)) 
(Setq sign "+") 
(If ( < vold 0) 
(Progn 
(Setq sign "-") 
(Setq vold (abs vold)) 
) 
) 
(Setq rvold (rtos vold 2 1)) 
(command "TEXT" "106.5,16.3" "1.5" "0" sign) 
(command "TEXT" "J" "BR" "114.5,15.8" "1.5" "0" rvold) 
( close fnamo) 
) 
;*** CLOSE ROUTINE ************ 
235 
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Shoreline Change 1985-1995 
Shoreline Distance Between Change in Area Distance Eroded/ Erosion/ Depostion 
Segment Transects 1985-1995 Accreted 1985-1995 Rate 1985-1995 
m m2 m m/yr 
15-16 326.1 -3957 -12.1 -1.21 
16-17 325.0 -475 -1.5 -0.15 
17-18 313.7 -28 -0.1 -0.01 
18-19 478.3 -1065 -2.2 -0.22 
19-20 609.1 -1375 -2.3 -0.23 
20-21 424.9 -1943 -4.6 -0.46 
21-22 430.6 -1607 -3.7 -0.37 
22-23 549.1 -3806 -6.9 -0.69 
23-24 308.0 -1687 -5.5 -0.55 
24-25 387.9 -1918 -4.9 -0.49 
25-26 403.6 -2144 -5.3 -0.53 
26-27 368.8 -1947 -5.3 -0.53 
27-28 323.2 -3866 -12.0 -1.20 
28-29 362.8 -3182 -8.8 -0.88 
29-30 266.0 -3387 -12.7 -1.27 
30-31 309.9 -3124 -10.1 -1.01 
31-32 436.3 -5076 -11.6 -1.16 
32-33 277.2 -2904 5.4 0.54 
33-34 301.1 -2776 -9.2 -0.92 
34-35 379.3 -2564 -6.8 -0.68 
35-36 211.8 -1683 -7.9 -0.79 
36-37 294.1 -5022 -17.1 -1.71 
37-38 366.8 -4313 -11.8 -1.18 
38-39 334.6 -1696 -5.1 -0.51 
39-40 105.2 -171 -1.6 -0.16 
40-41 359.9 -1480 -4.1 -0.41 
41-42 174.9 -642 -3.7 -0.37 
42-43 189.0 -762 -4.0 -0.40 
43-44 211.7 -2391 -11.3 -1.13 
44-45 212.0 -3997 -18.9 -1.89 
45-46 554.1 -10863 -19.6 -1.96 
46-47 411.0 -6347 -15.4 -1.54 
47-48 418.9 -5164 -12.3 -1.23 
48-49 517.6 -8027 -15.5 -1.55 
49-50 561.5 -6823 -12.2 -1.22 
50-51 196.1 -700 -3.6 -0.36 
51-52 205.6 -657 -3.2 -0.32 
52-53 151.9 1305 8.6 0.86 
53-54 243.2 743 3.1 0.31 
54-55 264.1 3470 13.1 1.31 
55-56 217.2 18 0.1 0.01 
56-57 202.4 237 1.2 0.12 
57-58 188.1 426 2.3 0.23 
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Shoreline Change 1985-1995 
Shoreline Distance Between Change in Area Distance Eroded/ Erosion/ Depostion 
Segment Transects 1985-1995 Accreted 1985-1995 Rate 1985-1995 
m m2 m m/yr 
58-59 323.7 -136 -0.4 -0.04 
59-60 167.9 456 2.7 0.27 
60-61 340.3 765 2.2 0.22 
61-62 250.2 -874 -3.5 -0.35 
62-63 371.8 -595 -1.6 -0.16 
63-64 329.6 117 0.4 0.04 
64-65 657.1 0 0.0 0.00 
65-66 951.7 -3783 -4.0 -0.40 
66-67 566.0 -5587 -9.9 -0.99 
67-68 315.8 -3689 -11.7 -1.17 
68-69 278.9 -2132 -7.6 -0.76 
69-70 392.8 -281 -0.7 -0.07 
70-71 349.9 -3635 -10.4 -1.04 
71-72 285.4 -4686 -16.4 -1.64 
72-73 327.8 -593 -1.8 -0.18 
73-74 242.2 1267 5.2 0.52 
74-75 456.3 558 1.2 0.12 
75-76 408.5 160 0.4 0.04 
76-77 553.3 2728 4.9 0.49 
77-78 793.7 606 0.8 0.08 
78-79 452.4 -513 -1.1 -0.11 
79-80 345.3 -3287 -9.5 -0.95 
80-81 178.7 -1912 -10.7 -1.07 
81-82 177.9 -1398 -7.9 -0.79 
82-83 254.4 -1447 -5.7 -0.57 
83-84 171.3 -1026 -6.0 -0.60 
84-85 531.2 -5207 -9.8 -0.98 
85-86 280.4 -2704 -9.6 -0.96 
86-87 749.7 -11406 -15.2 -1.52 
87-88 648.9 -8368 -12.9 -1.29 
88-89 322.8 -3835 -11.9 -1.19 
89-90 641.0 -7534 -11.8 -1.18 
90-91 510.9 -8230 -16.1 -1.61 
91-92 341.0 -4265 -12.5 -1.25 
92-93 299.7 -2398 -8.0 -0.80 
93-94 165.3 -829 -5.0 -0.50 
94-95 166.6 -1819 -10.9 -1.09 
95-96 147.9 -3005 -20.3 -2.03 
96-97 212.3 -1317 -6.2 -0.62 
97-98 248.6 -1380 -5.6 -0.56 
98-99 265.5 -1547 -5.8 -0.58 
99-100 366.4 -2475 -6.8 -0.68 
100-101 325.2 -1142 -3.5 -0.35 
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Shoreline Change 1985-1995 
Shoreline Distance Between Change in Area Distance Eroded/ Erosion/ Depostion 
Segment Transects 1985-1995 Accreted 1985-1995 Rate 1985-1995 
m m2 m m/yr 
101-102 169.2 -1547 -9.1 -0.91 
102-103 585.6 -3143 -5.4 -0.54 
103-104 190.9 1111 5.8 0.58 
104-105 399.4 4125 10.3 1.03 
105-106 351.6 901 2.6 0.26 
106-107 361.2 -585 -1.6 -0.16 
107-108 197.8 -877 -4.4 -0.44 
108-109 200.5 -781 -3.9 -0.39 
109-110 280.4 -1266 -4.5 -0.45 
110-111 144.9 -298 -2.1 -0.21 
111-112 87.6 -483 -5.5 -0.55 
112-113 213.8 -184 -0.9 -0.09 
-
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Shoreline Change 1995-1999 
Shoreline Distance Between Change in Area Distance Eroded/ Erosion/ Depostion 
Segment Transects 1995-1999 Accreted 1995-1999 Rate 1995-1999 
m m2 m m/yr 
15-16 326.1 2945 9.0 2.26 
16-17 325.0 -665 -2.0 -0.51 
17-18 313.7 1182 3.8 0.94 
18-19 478.3 -655 -1.4 -0.34 
19-20 609.1 -2998 -4.9 -1.23 
20-21 424.9 375 0.9 0.22 
21-22 430.6 1057 2.5 0.61 
22-23 549.1 -697 -1.3 -0.32 
23-24 308.0 -782 -2.5 -0.63 
24-25 387.9 13 0.0 0.01 
25-26 403.6 2508 6.2 1.55 
26-27 368.8 651 1.8 0.44 
27-28 323.2 1533 4.7 1.19 
28-29 362.8 253 0.7 0.17 
29-30 266.0 768 2.9 0.72 
30-31 309.9 1275 4.1 1.03 
31-32 436.3 2354 5.4 1.35 
32-33 277.2 1507 5.4 1.36 
33-34 301.1 435 1.4 0.36 
34-35 379.3 1433 3.8 0.94 
35-36 211.8 1211 5.7 1.43 
36-37 294.1 1538 5.2 1.31 
37-38 366.8 -393 -1.1 -0.27 
38-39 334.6 -744 -2.2 -0.56 
39-40 105.2 -2 0.0 -0.01 
40-41 359.9 611 1.7 0.42 
41-42 174.9 68 0.4 0.10 
42-43 189.0 -559 -3.0 -0.74 
43-44 211.7 -141 -0.7 -0.17 
44-45 212.0 1063 5.0 1.25 
45-46 554.1 2801 5.1 1.26 
46-47 411.0 1139 2.8 0.69 
47-48 418.9 1027 2.5 0.61 
48-49 517.6 656 1.3 0.32 
49-50 561.5 -4144 -7.4 -1.85 
50-51 196.1 -740 -3.8 -0.94 
51-52 205.6 -757 -3.7 -0.92 
52-53 151.9 -2134 -14.0 -3.51 
53-54 243.2 -1058 -4.3 -1.09 
54-55 264.1 -3064 -11.6 -2.90 
55-56 217.2 -289 -1.3 -0.33 
56-57 202.4 -1470 -7.3 -1.82 
57-58 188.1 -1592 -8.5 -2.12 
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Shoreline Change 1995-1999 
Shoreline Distance Between Change in Area Distance Eroded/ Erosion/ Depostion 
Segment Transects 1995-1999 Accreted 1995-1999 Rate 1995-1999 
m m2 m mlyr 
58-59 323.7 -2890 -8.9 -2.23 
59-60 167.9 -409 -2.4 -0.61 
60-61 340.3 1064 3.1 0.78 
61-62 250.2 1314 5.3 1.31 
62-63 371.8 2325 6.3 1.56 
63-64 329.6 441 1.3 0.33 
64-65 657.1 -2475 -3.8 -0.94 
65-66 951.7 -3940 -4.1 -1.04 
66-67 566.0 -2281 -4.0 -1.01 
67-68 315.8 -140 -0.4 -0.11 
68-69 278.9 576 2.1 0.52 
69-70 392.8 -1710 -4.4 -1.09 
70-71 349.9 -2562 -7.3 -1.83 
71-72 285.4 -2323 -8.1 -2.04 
72-73 327.8 -657 -2.0 -0.50 
73-74 242.2 -349 -1.4 -0.36 
74-75 456.3 855 1.9 0.47 
75-76 408.5 -6 0.0 0.00 
76-77 553.3 1603 2.9 0.72 
77-78 793.7 -131 -0.2 -0.04 
78-79 452.4 -3121 -6.9 -1.72 
79-80 345.3 -1536 -4.4 -1.11 
80-81 178.7 -763 -4.3 -1.07 
81-82 177.9 919 5.2 1.29 
82-83 254.4 790 3.1 0.78 
83-84 171.3 254 1.5 0.37 
84-85 531.2 -851 -1.6 -0.40 
85-86 280.4 -400 -1.4 -0.36 
86-87 749.7 738 1.0 0.25 
87-88 648.9 -3849 -5.9 -1.48 
88-89 322.8 -2716 -8.4 -2.10 
89-90 641.0 -7323 -11.4 -2.86 
90-91 510.9 -3643 -7.1 -1.78 
91-92 341.0 100 0.3 0.07 
92-93 299.7 -2362 -7.9 -1.97 
93-94 165.3 -699 -4.2 -1.06 
94-95 166.6 -863 -5.2 -1.29 
95-96 147.9 423 2.9 0.71 
96-97 212.3 136 0.6 0.16 
97-98 248.6 615 2.5 0.62 
98-99 265.5 20 0.1 0.02 
99-100 366.4 1102 3.0 0.75 
100-101 325.2 54 0.2 0.04 
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Shoreline Change 1995-1999 
Shoreline Distance Between Change in Area Distance Eroded/ Erosion/ Depostion 
Segment Transects 1995-1999 Accreted 1995-1999 Rate 1995-1999 
rn rn2 rn rn/yr 
101-102 169.2 -96 -0.6 -0.14 
102-103 585.6 -1576 -2.7 -0.67 
103-104 190.9 -500 -2.6 -0.66 
104-105 399.4 -319 -0.8 -0.20 
105-106 351.6 -1314 -3.7 -0.93 
106-107 361.2 596 1.6 0.41 
107-108 197.8 -417 -2.1 -0.53 
108-109 200.5 -1593 -7.9 -1.99 
109-110 280.4 -2204 -7.9 -1.97 
110-111 144.9 -810 -5.6 -1.40 
111-112 87.6 -861 -9.8 -2.46 
112-113 213.8 228 1.1 0.27 
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Shoreline Change Measurements 1939-1999 
Shoreline Distance Distance Eroded/ Distance Eroded/ Distance Eroded/ Erosion/ 
Segment Between Accreted 1995- Accreted 1939- Accreted 1939- Depostion Rate 
Transects 1999 1995 1999 1939-1999 
m m m m m/yr 
15-16 326.1 9.0 -22.2 -13.2 -0.22 
16-17 325.0 -2.0 -33.9 -35.9 -0.60 
17-18 313.7 3.8 -30.3 -26.6 -0.44 
18-19 478.3 -1.4 -28.9 -30.3 -0.50 
19-20 609.1 -4.9 -31.6 -36.5 -0.61 
20-21 424.9 0.9 -18.5 -17.6 -0.29 
21-22 430.6 2.5 -15.6 -13.1 -0.22 
22-23 549.1 -1.3 -19.2 -20.5 -0.34 
23-24 308.0 -2.5 -19.0 -21.6 -0.36 
24-25 387.9 0.0 -9.7 -9.7 -0.16 
25-26 403.6 6.2 -23.4 -17.2 -0.29 
26-27 368.8 1.8 -25.7 -24.0 -0.40 
27-28 323.2 4.7 -39.5 -34.7 -0.58 
28-29 362.8 0.7 -36.3 -35.6 -0.59 
29-30 266.0 2.9 -34.7 -31.9 -0.53 
30-31 309.9 4.1 -30.1 -25.9 -0.43 
31-32 436.3 5.4 -28.4 -23.0 -0.38 
32-33 277.2 5.4 -12.0 -6.6 -0.11 
33-34 301.1 1.4 -19.7 -18.2 -0.30 
34-35 379.3 3.8 -12.7 -8.9 -0.15 
35-36 211.8 5.7 -25.3 -19.6 -0.33 
36-37 294.1 5.2 -34.8 -29.6 -0.49 
37-38 366.8 -1.1 -21.9 -23.0 -0.38 
38-39 334.6 -2.2 19.2 16.9 0.28 
39-40 105.2 0.0 -1.6 -1.6 -0.03 
40-41 359.9 1.7 -5.3 -3.6 -0.06 
41-42 174.9 0.4 -7.5 -7.1 -0.12 
42-43 189.0 -3.0 -7.9 -10.9 -0.18 
43-44 211.7 -0.7 -42.5 -43.2 -0.72 
44-45 212.0 5.0 -57.6 -52.6 -0.88 
45-46 554.1 5.1 -33.9 -28.8 -0.48 
46-47 411.0 2.8 -34.5 -31.8 -0.53 
47-48 418.9 1.3 -41.5 -40.2 -0.67 
48-49 517.6 1.3 -48.8 -47.5 -0.79 
49-50 561.5 -7.4 -47.0 -54.4 -0.91 
50-51 196.1 -3.8 0.4 -3.4 -0.06 
51-52 205.6 -3.7 -1.4 -5.1 -0.08 
52-53 151.9 -14.0 6.2 -7.9 -0.13 
53-54 243.2 -4.3 -1.0 -5.3 -0.09 
54-55 264.1 -11.6 0.5 -11.1 -0.18 
55-56 217.2 -1.3 -6.2 -7.5 -0.12 
56-57 202.4 -7.3 -7.8 -15.1 -0.25 
57-58 188.1 -8.5 1.0 -7.4 -0.12 
246 
Shoreline Change Measurements 1939-1999 
Shoreline Distance Distance Eroded/ Distance Eroded/ Distance Eroded/ Erosion/ Depostion 
Segment Between Accreted 1995-1999 Accreted 1939-1995 Accreted 1939-1999 Rate 1939-1999 
Transects 
m m m m mlyr 
58-59 323.7 -8.9 -10.9 -19.9 -0.33 
59-60 167.9 -2.4 -12.0 -14.4 -0.24 
60-61 340.3 3.1 -5.6 -2.4 -0.04 
61-62 250.2 5.3 -17.5 -12.3 -0.20 
62-63 371.8 6.3 -14.3 -8.1 -0.13 
63-64 329.6 1.3 -20.5 -19.1 -0.32 
64-65 657.1 -3.8 -27.4 -31.2 -0.52 
65-66 951.7 -4.1 -26.8 -30.9 -0.52 
66-67 566.0 -4.0 -42.8 -46.9 -0.78 
67-68 315.8 -0.4 -53.2 -53.6 -0.89 
68-69 278.9 2.1 -39.0 -36.9 -0.62 
69-70 392.8 -4.4 -47.0 -51.4 -0.86 
70-71 349.9 -7.3 -53.8 -61.2 -1.02 
71-72 285.4 -8.1 -68.6 -76.7 -1.28 
72-73 327.8 -2.0 -44.4 -46.4 -0.77 
73-74 242.2 -1.4 -36.5 -37.9 -0.63 
74-75 456.3 1.9 -41.4 -39.6 -0.66 
75-76 408.5 0.0 -45.2 -45.2 -0.75 
76-77 553.3 2.9 -43.7 -40.8 -0.68 
77-78 793.7 -0.2 -32.7 -32.9 -0.55 
78-79 452.4 -6.9 -39.1 -46.0 -0.77 
79-80 345.3 -4.4 -39.6 -44.0 -0.73 
80-81 178.7 -4.3 -37.6 -41.9 -0.70 
81-82 177.9 5.2 -24.7 -19.6 -0.33 
82-83 254.4 3.1 -17.7 -14.6 -0.24 
83-84 171.3 1.5 -12.2 -10.8 -0.18 
84-85 531.2 -1.6 -9.8 -11.4 -0.19 
85-86 280.4 -1.4 -9.6 -11.1 -0.18 
86-87 749.7 3.0 -27.9 -25.0 -0.42 
87-88 648.9 -5.9 -21.6 -27.5 -0.46 
88-89 322.8 -8.4 -19.8 -28.2 -0.47 
89-90 641.0 -11.4 -25.5 -36.9 -0.62 
90-91 510.9 -7.1 -30.6 -37.8 -0.63 
91-92 341.0 0.3 -17.7 -17.4 -0.29 
92-93 299.7 -7.9 2.9 -5.0 -0.08 
93-94 165.3 -4.2 -7.7 -11.9 -0.20 
94-95 166.6 -5.2 -21.5 -26.7 -:-0.45 
95-96 147.9 2.9 -66.8 -63.9 -1.07 
96-97 212.3 0.0 -49.1 -49.1 -0.82 
97-98 248.6 2.5 -50.8 -48.3 -0.81 
98-99 265.5 0.0 -46.4 -46.4 -0.77 
99-100 366.4 3.0 -41.5 -38.5 -0.64 
100-101 325.2 0.2 -31.9 -31.7 -0.53 
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Shoreline Distance Distance Eroded/ Distance Eroded/ Distance Eroded/ Erosion/ Depostion 
Segment Between Accreted 1995-1999 Accreted 1939-1995 Accreted 1939-1999 Rate 1939-1999 
Transects 
m m m m m/yr 
101-102 169.2 -0.6 -32.3 -32.9 -0.55 
102-103 585.6 0.3 -3.8 -3.5 -0.06 
103-104 190.9 -2.6 -5.4 -8.0 -0.13 
104-105 399.4 -0.8 0.1 -0.6 -0.01 
105-106 351.6 -3.7 3.3 -0.5 -0.01 
106-107 361.2 1.6 10.5 12.1 0.20 
107-108 197.8 -2.1 4.8 2.7 0.05 
108-109 200.5 -7.9 -1.1 -9.1 -0.15 
109-110 280.4 -7.9 -11.5 -19.3 -0.32 
110-111 144.9 -5.6 -6.7 -12.2 -0.20 
111-112 87.6 -9.8 -2.2 -12.0 -0.20 
112-113 213.8 1.1 16.5 17.6 0.29 
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Storm Events 1956-2001 
Year Date Duration Wave Height Power Class 
1956 21-Nov 14 5.4 407 3 
1956 29-Dec 22 1.8 72 2 
1957 6-Jan 36 2.2 168 3 
1957 20-Mar 24 2.3 130 2 
1957 3-Dec 24 3.1 223 3 
1957 26-Dec 18 4.8 417 3 
1958 7-Jan 15 1.8 50 1 
1958 14-Jan 54 1.0 56 1 
1958 21-Jan 36 0.8 23 1 
1958 1-Feb 11 1.4 22 1 
1958 7-Feb 18 1.4 36 1 
1958 15-Feb 51 3.1 481 5 
1958 3-Mar 24 1.1 29 1 
1958 20-Mar 48 2.9 391 3 
1958 1-Apr 60 3.1 587 5 
1958 6-Apr 30 1.3 47 1 
1958 11-Apr 17 2.0 71 1 
1958 28-Nov 14 2.9 116 2 
1959 9-Feb 24 0.6 10 1 
1959 23-Feb 8 0.7 4 1 
1959 6-Mar 19 4.8 441 3 
1959 12-Mar 8 1.4 14 1 
1959 27-Mar 20 1.9 72 1 
1959 23-Oct 42 1.7 119 2 
1959 7-Dec 14 5.6 443 3 
1959 22-Dec 18 3.1 174 3 
1960 3-Jan 6 3.1 59 1 
1960 3-Mar 48 4.4 937 4 
1960 11-Dec 26 6.1 968 4 
1961 19-Jan 28 5.5 840 3 
1961 4-Feb 24 5.6 757 3 
1962 6-Jan 24 0.9 19 1 
1962 14-Feb 24 3.0 221 3 
1962 6-Mar 37 9.8 3528 5 
1962 4-Oct 69 1.2 97 2 
1962 30-Dec 48 7.4 2648 5 
1963 19-Feb 13 2.7 91 2 
1963 4-Apr 26 6.7 1151 4 
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Year Date Duration Wave Height Power Class 
1963 29-Nov 32 9.0 2571 4 
1964 13-Jan 35 6.5 1473 4 
1964 28-Jan 5 1.8 15 1 
1964 26-Nov 11 0.9 9 1 
1965 16-Jan 20 3.6 264 3 
1966 13-Feb 48 1.5 108 2 
1966 24-Feb 48 1.9 165 3 
1966 19-May 6 0.7 3 1 
1966 24-Dec 24 5.1 632 3 
1967 7-Feb 12 2.7 84 2 
1967 16-Feb 15 5.2 399 3 
1967 5-Mar 72 2.3 380 3 
1967 15-Mar 36 3.3 394 3 
1967 22-Mar 24 2.2 116 2 
1967 27-Apr 24 7.0 1172 4 
1967 25-May 48 5.3 1334 4 
1967 15-Nov 12 0.9 10 1 
1967 18-Nov 3 0.5 1 1 
1967 28-Dec 36 3.0 324 3 
1968 14-Jan 24 1.0 23 1 
1968 25-Jan 24 2.8 186 3 
1968 1-Mar 24 5.3 662 3 
1968 12-Mar 48 2.9 406 3 
1968 17-Mar 48 6.8 2241 4 
1968 10-Nov 9 0.6 3 1 
1968 12-Nov 12 2.2 57 1 
1968 28-Dec 24 0.9 18 1 
1969 29-Jan 30 0.4 5 1 
1969 9-Feb 36 7.1 1813 4 
1969 23-Feb 82 1.9 290 3 
1969 2-Mar 36 6.2 1380 4 
1969 24-Mar 24 2.1 104 2 
1969 3-Nov 7 0.9 6 1 
1969 5-Nov 22 2.6 145 2 
1969 9-Nov 36 2.6 251 3 
1969 14-Dec 24 2.4 140 2 
1969 22-Dec 18 2.4 101 2 
1969 26-Dec 40 4.3 736 3 
1970 2-Feb 72 2.3 370 3 
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1970 29-Mar 8 1.6 21 1 
1970 31-Mar 11 0.9 8 1 
1970 2-Apr 36 6.8 1651 4 
1970 11-Dec 60 0.8 34 1 
1970 16-Dec 24 2.3 123 2 
1971 13-Feb 10 1.8 34 1 
1971 3-Mar 60 5.7 1965 4 
1971 6-Apr 24 4.5 493 3 
1971 24-Nov 36 1.9 127 2 
1971 • 30-Dec 14 0.7 6 1 
1972 25-Jan 12 3.2 125 2 
1972 3-Feb 24 6.9 1153 4 
1972 13-Feb 36 2.8 277 3 
1972 19-Feb 36 3.9 533 3 
1972 8-Nov 24 0.4 3 1 
1972 26-Nov 15 2.8 117 2 
1972 15-Dec 36 4.6 761 3 
1972 21-Dec 24 1.7 67 1 
1973 2-Feb 8 1.3 13 1 
1973 2-Mar 15 1.0 14 1 
1973 5-Apr 24 1.7 66 1 
1973 1-Nov 12 2.9 100 2 
1973 17-Dec 12 1.8 37 1 
1974 19-Feb 8 0.9 3 1 
1974 23-Feb 24 4.6 501 3 
1974 10-Mar 12 3.5 150 2 
1974 21-Mar 12 0.9 10 1 
1974 2-Dec 12 2.6 81 2 
1975 5-Feb 24 0.6 8 1 
1975 12-Feb 24 1.5 54 1 
1975 3-Apr 24 3.7 322 3 
1975 21-Dec 48 250.4 250 3 
1975 26-Dec 72 7.1 7 1 
1976 12-Jan 24 2.3 125 2 
1976 14-Jan 24 5.5 731 3 
1976 22-Jan 24 3.7 333 3 
1976 28-Jan 24 1.8 77 2 
1976 2-Feb 24 5.3 675 3 
1976 9-Mar 24 0.9 17 1 
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1976 16-Mar 24 1.4 47 1 
1976 21-Oct 24 3.1 231 3 
1976 13-Dec 24 5.1 632 3 
1976 29-Dec 24 1.5 57 1 
1977 7-Jan 24 2.1 102 2 
1977 10-Jan 24 3.2 245 3 
1977 14-Jan 24 0.3 3 1 
1977 28-Jan 8 0.7 1 1 
1977 5-Feb 24 1.1 29 1 
1977 18-Mar 24 1.4 47 1 
1977 22-Mar 24 3.9 365 3 
1977 10-Jun 27 4.7 589 3 
1977 1-Oct 9 0.6 3 1 
1977 8-Nov 16 1.8 52 1 
1977 17-Nov 15 1.5 34 1 
1977 8-Dec 12 2.8 96 2 
1977 7-Dec 12 3.6 152 2 
1978 9-Jan 24 5.2 659 3 
1978 14-Jan 12 1.1 14 1 
1978 20-Jan 21 4.0 330 3 
1978 6-Feb 30 7.4 1651 4 
1979 22-Jan 24 2.4 138 2 
1979 23-Jan 72 0.3 8 1 
1979 3-Aug 12 0.9 10 1 
1979 8-Dec 14 3.2 141 2 
1980 10-Nov 34 4.6 709 3 
1981 5-Dec 34 4 .. 28 624 3 
1982 6-Apr 17 3.6 224 3 
1982 5-Jun 66 3.9 1011 4 
1982 8-Oct 36 2.8 290 3 
1982 12-Nov 24 5.9 821 3 
1983 11-Jan 7 4.4 136 2 
1983 15-Jan 12 2.1 53 1 
1983 7-Feb 20 3.5 250 3 
1983 11-Feb 18 4.3 328 3 
1983 10-Apr 30 3.3 326 3 
1983 19-Apr 48 2.1 208 3 
1983 24-Apr 30 3.4 344 3 
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1983 22-Jul 19 3.1 186 3 
1983 15-Nov 17 1.7 49 1 
1983 28-Dec 10 2.2 50 1 
1984 9-Mar 12 2.9 103 2 
1984 29-Mar 20 6.5 854 3 
1984 5-Apr 20 4.9 485 3 
1984 31-May 20 1.4 41 1 
1984 1-Oct 19 2.3 100 2 
1985 12-Feb 9 3.1 89 2 
1985 4-Mar 12 1.0 13 1 
1985 6-Apr 12 4.3 219 3 
1985 25-Aug 36 0.7 17 1 
1986 23-Aug 37 5.1 969 3 
1986 19-Nov 12 2.2 57 1 
1986 2-Dec 11 1.7 33 1 
1986 18-Dec 36 5.6 1128 4 
1987 2-Jan 24 4.8 560 3 
1987 23-Jan 9 2.8 70 1 
1987 31-Mar 16 5.4 467 3 
1987 4-Apr 54 1.6 141 2 
1987 11-Nov 31 2.0 123 2 
1987 29-Dec 12 2.0 46 1 
1988 8-Jan 24 2.7 180 3 
1988 12-Feb 24 2.6 164 2 
1988 22-Oct 18 4.6 373 3 
1988 20-Nov 12 2.3 66 1 
1988 28-Dec 5 2.8 38 1 
1989 24-Feb 18 3.6 227 3 
1989 16-Nov 10 4.0 162 2 
1989 20-Nov 16 5.2 426 3 
1989 23-Nov 13 2.4 72 2 
1989 15-Dec 8 1.1 9 1 
1990 20-Jan 27 0.6 8 1 
1990 24-Feb 7 1.6 19 1 
1990 25-Feb 13 2.1 57 1 
1990 4-Oct 12 3.1 111 2 
1990 18-Oct 11 3.2 109 2 
1990 10-Nov 9 2.8 69 1 
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1990 11-Nov 24 6.5 1013 4 
1990 4-Dec 3 1.7 8 1 
1990 28-Dec 7 0.6 2 1 
1991 11-Jan 14 1.7 40 1 
1991 2-Mar 4 1.8 12 1 
1991 14-Mar 14 2.2 67 1 
1991 21-Apr 10 2.7 73 2 
1991 30-Oct 24 6.8 1014 4 
1992 14-Jan 8 2.6 56 1 
1992 23-Jan 17.5 2.8 134 2 
1992 3-Mar 9 0.6 3 1 
1992 19-Mar 8 1.0 8 1 
1992 13-Nov 2.5 1.1 3 1 
1992 11-Dec 41 9.5 3734 5 
1993 21-Feb 27 1.3 48 1 
1993 4-Mar 24 6.0 561 3 
1993 13-Mar 32 5.9 1108 4 
1993 28-Nov 9 3.0 79 2 
1993 4-Dec 16 1.0 17 1 
1993 26-Dec 11 2.4 65 1 
1993 29-Dec 8 0.7 4 1 
1994 7-Jan 24 1.5 53 1 
1994 28-Jan 7 2.3 37 1 
1994 8-Feb 28 2.3 141 2 
1994 11-Feb 9 0.8 6 1 
1994 23-Dec 19 9.5 1701 4 
1995 4-Feb 10 1.3 17 1 
1995 5-Feb 12 3.8 174 3 
1995 28-Feb 18 0.3 1 1 
1995 21-Oct 9 3.7 122 2 
1995 12-Nov 10 4.2 175 3 
1995 14-Dec 12 0.4 2 1 
1995 19-Dec 23 3.6 294 3 
1996 2-Jan 12 1.4 24 1 
1996 7-Jan 24 5.6 759 3 
1996 24-Jan 9 5.0 223 3 
1996 3-Feb 24 2.7 168 3 
1996 16-Feb 24 4.5 481 3 
1996 25-Feb 11.5 5.6 361 3 
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1996 2-Mar 8 0.7 3 1 
1996 3-Mar 13 1.6 31 1 
1996 7-Mar 32 1.5 72 2 
1996 9-Apr 21 3.5 249 3 
1996 18-Sep 12 2.1 54 1 
1996 8-Oct 10 2.4 58 1 
1996 20-Oct 30 1.5 64 1 
1996 7-Dec 9 1.6 23 1 
1997 10-Jan 12 2.3 64 1 
1997 11-Jan 8 0.5 2 1 
1997 31-Jan 8 0.1 0 1 
1997 20-Feb 7 1.3 11 1 
1997 6-Mar 10 4.5 199 3 
1997 26-Mar 10 3.1 95 2 
1997 31-Mar 9 5.1 232 3 
1997 1-Apr 12 3.9 183 3 
1997 1-Nov 12 3.6 154 2 
1997 27-Nov 14 3.3 149 2 
1997 2-Dec 20 3.6 264 3 
1997 14-Dec 20 3.7 274 3 
1997 23-Dec 6 1.0 6 1 
1997 29-Dec 20 3.9 300 3 
1998 4-Feb 19 6.1 700 3 
1998 18-Feb 12 2.0 47 1 
1998 23-Feb 24 6.7 1068 4 
1998 24-Feb 15 3.9 223 3 
1998 8-Mar 31 3.2 310 3 
1998 21-Mar 26 5.7 841 3 
1998 26-Mar 18 4.1 309 3 
1998 1-Apr 12 0.4 2 1 
1998 9-Apr 10 2.2 49 1 
1998 9-May 42 5.5 1289 4 
1998 22-Sep 15 0.2 1 1 
1998 8-Oct 66 3.2 682 3 
1998 11-Nov 5 1.3 9 1 
1998 26-Nov 7 1.6 17 1 
1999 2-Feb 12 2.4 67 1 
1999 25-Feb 27 3.4 310 3 
1999 4-Mar 13 4.6 274 3 
1999 15-Mar 14 2.0 54 1 
1999 22-Mar 18 6.1 659 3 
1999 14-Oct 10 2.4 59 1 
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1999 26-Dec 11 3.0 100 2 
2000 4-Jan 8 3.1 79 2 
2000 13-Jan 36 2.4 203 3 
2000 16-Jan 19 4.3 352 3 
2000 21-Jan 11 2.4 65 1 
2000 25-Jan 12 3.1 117 2 
2000 18-Feb 24 1.8 77 2 
2000 10-Mar 20 0.8 11 1 
2000 8-Apr 6 2.8 48 1 
2000 6-Jun 16 3.8 234 1 
2000 10-Oct 13 4.5 266 3 
2000 12-Dec 10 3.3 109 2 
2000 17-Dec 30 6.0 1070 4 
2000 30-Dec 28 3.9 428 3 
2001 20-Jan 15 2.8 116 2 
2001 30-Jan 8 1.6 20 1 
2001 5-Feb 13 3.0 116 2 
2001 10-Feb 16 5.3 457 3 
2001 17-Feb 8 2.5 48 1 
2001 25-Feb 6 0.3 1 1 
2001 5-Mar 34 5.2 910 3 
2001 9-Mar 17 1.2 26 1 
2001 30-Mar 14 2.5 85 2 
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